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Gas-phase thermolysis is a long-known and well established method for the preparation of 
reactive species. It is, however, limited to relatively volatile substances, which are easily 
vaporised. In the present work, the solution-spray technique for preparative scale was 
developed. With this technique, it is possible to subject low-volatile substances, which hardly 
vaporise even under high-vacuum conditions, to gas-phase thermolysis. By utilising oil 
nozzles used in heating and burner systems, it was possible to integrate a stable solution-spray 
into the existing flash-vacuum-pyrolysis system. The influence of several variables, such as 
flow-rate, pressure, temperature and solvent was determined. The solution-spray technique 
was applied in [3,3]-sigmatropic rearrangements of certain propargyl thiocyanates to the 
corresponding allenyl isothiocyanates. 
Furthermore, the parent compound propa-1,2-dienyl isothiocyanate was reacted with various 
sterically demanding primary and secondary amines to form 2-amino-1,3-thiazoles in 
moderate to excellent yields. Based on this, a catalyst-free four-center three-component 
reaction was developed. 2-Amino-1,3-thiazoles with complex substituents in 5-position at the 
heterocyclic ring are formed. Reaction mechanisms are discussed to explain the occurance of 
a highly substituted 1,3-thiazine structure. The influence of reaction temperature, 
concentrations and solvent were determined and are also discussed. 
It was shown that 2-amino-5-methyl-1,3-thiazoles are the apparently first aromatic substance 
class, that readily undergoes Prins-type 1,3-dioxane ring-formation. 
 
Keywords: Solution-Spray, Flash-Vacuum-Pyrolysis, Sigmatropic Rearrangement, Propargyl 
Thiocyanates, Allenyl Isothiocyanates, Nucleophilic Addition, Ring Closure, 1,3-Thiazoles, 




Entwicklung der Solution-Spray Blitzvakuumpyrolyse-Technik in der Synthese von 
Allenylisothiocyanaten und Synthese komplexer 2-Amino-1,3-thiazolderivate 
 
Die Gasphasenthermolyse ist eine lang bekannte und etablierte Methodik zur Synthese 
reaktiver Spezies. Sie ist allerdings auf flüchtige Substanzen mit einer guten Verdampfbarkeit 
beschränkt. Für schwerflüchtige Verbindungen, welche sich selbst im Hochvakuum nur 
mäßig oder gar nicht in die Gasphase bringen lassen, wurde in der vorliegenden Arbeit die 
Solution-Spray-Technik für die Anwendung im präparativen Maßstab entwickelt. Unter 
Verwendung von Ölzerstäuberdüsen, wie sie in der Heizungs- und Brennertechnik 
Anwendung finden, wurde die Erzeugung eines stabilen Lösungs-Sprays in die vorhandene 
Blitzvakuumpyrolyse-Technik integriert. Der Einfluss verschiedener Variablen, wie Flussrate, 
Druck, Temperatur und Lösungsmittel wurde untersucht. Die Solution-Spray-Technik wurde 
für die [3,3]-sigmatrope Umlagerung bestimmter Propargylthiocyanate zu Allenyl-
isothiocyanaten angewendet. 
Des Weiteren wurde Propa-1,2-dienylisothiocyanat – das einfachste Allenylisothiocyanat – 
mit diversen sterisch anspruchsvollen primären und sekundären Aminen in mäßigen bis 
exzellenten Ausbeuten zu 2-Amino-1,3-thiazolen umgesetzt. Darauf aufbauend konnte eine 
Vier-Zentren-drei-Komponenten-Reaktion entwickelt werden. Es entstehen in hohen 
Ausbeuten 2-Amino-1,3-thiazole mit komplexen Substituenten an der 5-Position des 
Heterocyclus. Reaktionsmechanismen werden diskutiert um die alternative Bildung einer 
hochsubstituierten 1,3-Thiazinstruktur zu erklären. Der Einfluss von Reaktionstemperatur, 
Konzentration und Lösungsmittel auf das Produktverhältnis wurde ebenfalls untersucht und 
wird diskutiert. 
Es konnte gezeigt werden, dass 2-Amino-5-methyl-1,3-thiazole als offenbar erste aromatische 
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1.1. Flash-Vacuum-Pyrolysis (FVP) Technique 
At this point it should be clarified, that the terms “pyrolysis” and “thermolysis” are equally 
used in literature to describe the same process. The difference is merely historic. Using 
“pyrolysis” (greek pyr, meaning “fire”) was more appropriate at times when fossil fuels were 
still commonly used for heating in scientific experiments. With the use of more consistent, 
electrical heat sources “thermolysis” (greek therm, meaning “heat”) is more suitable today. In 
terms of uniformity and to avoid confusion only the term “pyrolysis” will be used in the 
context of flash-vacuum-pyrolysis in this work. 
Although pyrolysis ranks among the oldest methods known in chemistry, modern thermolysis 
under vacuum conditions goes back to the early 20th century. PANETH and HOFEDITZ[1] 
described an apparatus to produce “free methyl” radicals by thermal decomposition of 
tetramethyl lead under reduced pressure. The relatively simple setup utilizes hydrogen as 
carrier gas, which is loaded with tetramethyl lead by passing through a thawing trap with the 
organometallic compound. Complete decomposition is achieved by local heating of the quartz 
tube (B, Figure 1) with a Bunsen burner flame followed by a heating coil. The gaseous 
pyrolysis products are collected in a trap cooled with liquid air. 
 
Figure 1: Pyrolysis apparatus used by PANETH and HOFEDITZ, 1929. Heating elements are not shown. 
 
The great advantage of flash-vacuum-pyrolysis over conventional, synthetic methods 
becomes clearly evident when we look at reactions involving reactive intermediates (as 
mentioned in the example above). A typical thermolysis reaction is carried out in a high 
boiling solvent or a sealed reactor, e.g. an autoclave. In such a condensed-phase environment, 
  
 2 
a formed reactive species is in close contact with reactant, product and solvent molecules. The 
result is an uncontrollable number of unwanted, intermolecular side reactions. Another 
problem arises if the desired product itself is thermally unstable. 
Both problems are easily avoided by gas-phase reactions. They allow the performance of 
unimolecular transformations under vacuum, where the substrate is subjected to pyrolysis 
conditions with a minimal dwell time in continuous flow. Molecules of possibly reactive 
species do not get in contact with each other, and unstable products are gathered immediately 
in a cooled trap. 
The basic principle of this pyrolysis technique was maintained ever since and changed only 
with regard to the heat source and vaporization method. The latter depends mainly on the 
physical and chemical properties of the substrate, namely volatility and thermal stability. 
After elaborate studies of gaseous compounds, condensates became of more interest. Liquids 
with low boiling point or readily subliming solids are easily subjected to FVP by heating the 
substrate until it evaporates into the gas-phase under sufficient vacuum. The use of a carrier 
gas is not always required, but may be beneficial if the substrate has a low vapour pressure. 
A “solvent-assisted” method was developed by MAGRATH and FOWLER[2] for non-volatile 
substrates. This technique that also works on solids uses a frozen, homogenous solution in an 
inert solvent instead of the pure compound. The solvent serves as matrix, which carries the 
dissolved compound along during sublimation under high vacuum. 
WENTRUP et al.[3] designed a rather unconventional technique called pipto-pyrolysis or falling 
solid pyrolysis. The substrate is here introduced as finely powdered solid into a vertical 
pyrolysis tube. It evaporates into the gas-phase from a plug of quartz wool preventing any 
solid from falling directly into the hot zone. 
Spray-pyrolysis on the other hand as invented by METH-COHN et al.[4] injects a neat, liquid 
precursor directly into the pyrolysis tube. Spray generation is achieved by drawing the low-
volatile substrate through a capillary (usually Teflon) at low pressure conditions. Such a spray 
evaporates immediately, when exposed to the high temperatures within the pyrolysis tube.*** 
 
DIEDERICH and co-workers presented the first application of solution-spray FVP in 1991, 
which “[…] allows the synthesis of multigram quantities of a series of hexatriynes and 
decapentaynes from poorly volatile and thermally unstable precursors that cannot be 
subjected to conventional flash vacuum pyrolysis“.[5] 
 




Figure 2: Pyrolysis apparatus used by DIEDERICH et al.[5] 
 
Utilizing a glass capillary, solutions of various cyclobutenediones 1 in benzene were injected 
into a quartz tube filled with quartz rings as a “sprayed aerosol”. The pyrolysis tube was 
maintained at ≥600°C with a high-temperature oven and moderate vacuum of 1–2 torr (Figure 
2). Under these conditions, linear polyynes 2 were synthesized in up to 99% yield (Table 1) 
by decarbonylation of relatively nonvolatile, high molecular weight 3-cyclobutene-1,2-diones 
1. 
 
Table 1: Preparation of polyynes 2 from 3-cyclobutene-1,2-diones 1. 
 
dione R R’ product yield (%) 
1a t-BuMe2SiC≡C- t-BuMe2SiC≡C- 99 
1b PhC≡C- PhC≡C- 97 
1c PhC≡CC≡C- PhC≡CC≡C- 59 
1d i-Pr3SiC≡CC≡C- i-Pr3SiC≡CC≡C- 42 
9 examples reported. 
 
The solution-spray FVP method as described by DIEDERICH[5] was later used for the 
thermolysis of some low-volatile diazo compounds. EGUCHI et al.[8] pyrolyzed a solution of 
(1-adamantyl)diazophenylmethane (3) in n-hexane at temperatures between 400°C and 800°C 
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to afford products 6 and 8 in yields of 14–37% and 13–24%, respectively (Scheme 1). The 
temperatures were maintained by an electric furnace heating a quartz tube of 8 mm in 
diameter. The essential step of the reaction is the elimination of dinitrogen under the given 
pyrolysis conditions, which gives rise to phenylcarbene 4. The main product is the indane-
fused adamantane 6 formed by tandem phenylcarbene rearrangement and intramolecular C-H 
insertion. The bridgehead olefin 7 is formed as a side product by single phenylcarbene-















Scheme 1: SS-FVP of (1-adamantyl)diazophenylmethane (3) by EGUCHI et al.[8] 
 
RÉGIMBALD-KRNEL and WENTRUP[9] prepared fluorene derivative 13 by a similar approach. 
SS-FVP of diazomethane 9 at 660°C and 10–5 mbar results in the formation of carbene 10 
after dinitrogen elimination. The following carbene-carbene-rearrangement affords the target 
compound 13 in up to 19% yield next to unwanted side products. 
 
 
Scheme 2: SS-FVP of di-1-naphthyldiazomethane (9) by RÉGIMBALD-KRNEL and WENTRUP.[9] 
 
SS-FVP was also applied in cases of high temperature cyclization reactions to form 





1.2. FVP in the Synthesis of 1-Isothiocyanatopropa-1,2-dienes 
FVP was introduced as the method of choice for the synthesis of allenyl isothiocyanates 17 by 
BANERT et al.[12] The literature known isomerization[13],[14] of allyl thiocyanate (14) to allyl 
isothiocynate (15, mustard oil[15]) serves as a mechanistic role model for this transformation 
(Scheme 3). 
 
Scheme 3: Sigmatropic rearrangement of allyl thiocyanate to allyl isothiocyanate. 
 
Note: The arrows shown in Scheme 3 are not real Lewis arrows. They are merely meant to 
illustrate the constitutional change.  
 
It is referred to as a [3,3]-sigmatropic rearrangement,[16] an electron reorganizing process, that 
involves the migration of a group (consisting of three atoms) attached to a σ-bond to the other 
terminus of a conjugated π-system (also consisting of three atoms). The intramolecular, 
pericyclic reaction proceeds via a highly ordered, chair-like transition state.[17],[18] Both 
breaking and formation of σ-bonds and π-shift are believed to take place simultaneously. 
According to the WOODWARD-HOFFMANN rules[19] for pericyclic reactions, the migrating 
fragment in a [3,3]-sigmatropic rearrangement is relocated in suprafacial fashion, which was 
proven for several allyl thiocyanate/isothiocynate isomerizations.[16]*** 
 











Figure 3: Possible transition state model for [3,3]-sigmatropic rearrangment of propargyl 
thiocyanates. Orbital shading is not given. Antarafacial (a) and suprafacial (s) components are 
labeled. Dotted lines join orbitals that are going to form new bonds. The sum of (4q + 2)s and (4r)a 
components is odd (= 1), the reaction is thermally allowed. 
 
The cumulated π-system of allenyl isothiocyanates 17 make syntheses under conventional 
heating impossible, because of prompt decomposition and polymerization.[21] With the use of 
FVP, however, this obstacle is easily overcome. The parent allene 17a and 17b are accessible 
in almost quantitative yield on a multigram scale (up to 100 g per day).[12] The equilibrium of 
the isomerization is strongly influenced by the electronic character of R1.[22],[23] Electron 
donating groups significantly shift the equilibrium to the educt side, as shown for 
trimethylsilyl group (Table 2). Electron withdrawing groups on the other hand are tolerated, 
but the increasing molecular weight of the correspoding propargyl thiocyanates 16 is not 
beneficial in terms of volatility. As a result 16d and 16g cannot be vaporized without 


















Table 2: Preparation of isothiocyanates 17 by FVP at 400°C. 
 
16/17 R1 R2 conversion of 16 (%) 
yield of 17a 
(%) 
a H H 98 97 
b H Me ≥99 97 
c Me H 83 ca. 100 
d CH2Cl H ≥96 60 
e SiMe3 H 11 ca. 100 
f CH2OMe H 96 95 
g CH2OAc H ≥99 73 
a Isolated yield of 17 based on converted 16. 
b Equilibria with 16c/17c = 17:83, 16e/17e = 89:11 and 16f/17f = 4:96 are 
established under FVP conditions.
 
In order to gain access to higher substituted allenyl isothiocyanates by [3,3]-sigmatropic 
rearrangement of propargyl thiocyanates, DATHE from the group of BANERT assembled a SS-
FVP apparatus according to DIEDERICH (Figure 4).[24],[5]  
 
 




Spray generation of solutions of various propargyl thiocyanates in toluene was achieved by 
custom made glass capillaries (Figure 5). A cold trap with internal cold finger cooled with 
liquid nitrogen was used for direct interception of the gas flow. The vacuum was self-
regulated to 3 torr. 
 
 
Figure 5: Costum made glass capillary used by DATHE. 
 
This solution-spray apparatus was used to synthesize allenyl isothiocyanates 19 from non-
volatile propargyl thiocyanates 18 at 400°C. Yields were determined by derivatisation of the 
reactive allenes with suitable trapping agents. Nucleophilic addition followed by cyclization 
gave rise to thiazoles 20 and 21. Pyrolysis at 600°C revealed a consecutive CLAISEN 
rearrangement to form butadiene 22a. 
 
 




Although this SS-FVP apparatus was successfully applied in the [3,3]-sigmatropic 
rearrangment of non-volatile propargyl thiocynates, spray generation with a custom made 
glass capillary was found to have some limitations. 
Decomposition of the starting material in close vicinity to the tube furnace led to plugging of 
the capillary in some cases. The running pyrolysis had to be stopped. Cleaning of the capillary 
was difficult to master without breaking the fragile tip. New capillaries were easy to make, 
but spray generation was hardly reproducible. Furthermore a tendency for droplet formation 
on the tip of the capillary reduced the efficiency of spray generation and yield. 
 
 
1.3. Reactivity of Allenyl isothiocyanates 17 
Allenyl isothiocyanates 17 exhibit typical electrophilic character of isothiocyanates.[12] 
Treatment with various nucleophiles was reported by BANERT et al. to lead to the formation 
of substituted thiazoles 25. Nucleophilic addition is followed by intramolecular cyclization to 
form mesomerically stabilized carbanions 24. Protonation gives thiazoles 25 as the main 
products. Carbon, nitrogen, oxygen, phosphorous and sulfur nucleophiles are reported to 


























Scheme 5: Reactivity of allenyl isothiocyanates 17 towards nucleophilic attack. 
 
Nucleophilic azole heterocycles additionally yield non-aromatic thiazolines 26, which 
implicates a relatively low aromatization energy.[23] Over time the less favourable exocyclic 
olefins 26 tautomerize into thiazoles 25, even when they are stored at –18°C. In solution the 
isomerization is clearly concentration dependent. Hence, allenyl isothiocyanates 17 can be 




Figure 6: Synthons 27. 
 
Intramolecular cyclization after nucleophlic attack can be controlled to some extend to afford 
six-membered 6H-1,3-thiazines 29. GROTH[26] from the group of BANERT shifted the product 
ratio to the thiazine-side by addition of a strong amine base or to the thiazole-side by addition 
of an acid buffer (Table 3). Both cyclizations (6-endo-dig and 5-exo-dig, assuming attack at 
π*C2–C3) are equally favoured according to BALDWIN rules[18] but the gain of energy by 
aromatization always benefits the formation of the thiazole.  
 
Table 3: Control of product ratio 25b:29b. 
 
1,2 eq HNEt2 isolated yield (%) ratio 
A 25b 29b 25b : 29b 
Et2NH2OTs/THF/H2O 39 --- 100 :     0 
Et2O 32 30   52 :   48 
NEt3 / Et2O --- 49     6 :   49 
NEt3 --- 34     0 : 100 
 
One-pot syntheses with second electrophiles in the reaction of an isopropyl GRIGNARD 
reagent 30 with allene 17a were reported.[26] The GRIGNARD intermediate 31 was reacted, e.g. 
with carbon dioxide or aldehydes, to give the carboxylic acids 32 or alcohols 33, respectively. 
Electrophilic addition of the aldehydes occurred exclusively at the 4-position of the ring (with 





Scheme 6: One-pot syntheses with allenyl isothiocyanate 17a. 
 
Furthermore, the parent allene 17a was reported to undergo addition reactions at the 
propadienyl moiety. DIELS–ALDER reaction with cyclopentadiene gives some 
dehydronorbornyl isothiocyanates, and addition of iodine gives the 2,3-diiodo compound.[12c] 
 
1.4. Synthesis and Pharmacological Significance of 2-Amino-1,3-thiazoles 
Simple 2-amino-1,3-thiazoles of type 25 are easily prepared by reaction of 17a with 
secondary amines. Primary amines do not stop at this stage, especially when an excess of 17a 
is used. The in situ formed thiazole 34a derived from a primary amine (or ammonia) [12a] can 
tautomerize into the corresponding 2-imino-1,3-thiazoline 34b.[27] Anyhow, the ring nitrogen 
acts as nucleophilic center to add to another equivalent of allenyl isothiocyanate 17a and an 
N-thiazolyl-2-imino-1,3-thiazoline 35 is formed (Scheme 7). 
 
 
Scheme 7: Formation of N-thiazolylthiazoles 35. 
 
JAWABRAH AL-HOURANI and BANERT[28] reported on the reaction of allenyl isothiocyanat 17a 
with hydrazoic acid affording the bifunctionalized 2-aminothiazole 40 (Scheme 8). After 
nucleophlic attack on the isothiocyanate unit and cyclization the carbanion 38 is formed. 
Dinitrogen is released after cleavage of the weak Nα–Nβ bond. The resulting, highly 
unsaturated intermediate 39 is then trapped by another equivalent of hydrazoic acid (37) to 
  
 12 
form 40. Methanol can also be used as trapping agent when lithium azide in methanol is used 
instead of hydrazoic acid to yield the corresponding methyl ether. 
 
 
Scheme 8: Formation of bifunctionalized thiazole 40. 
 
More common methods for the synthesis of 2-amino-1,3-thiazoles 44 are the HANTZSCH 
thiazole synthesis[29] (reaction of α-haloketones 41 with thioureas 42, Scheme 9) and the 
reaction of α-thiocyanoketones[27] or 1-alkynyl thiocyanates[30] with amines.  
 
 
Scheme 9: HANTZSCH thiazole synthesis. 
 
2-Amino-1,3-thiazoles are a substance class known for its diverse pharmaceutical activity and 
application against worm infection,[31] as kinase inhibitor in prion disease[32] and leukemia,[33] 
and in tumor treatment.[34] Dasatinib (45, SPRYCEL®), a novel multi-targeted kinase, ATP 
competitive inhibitor with exceptional potency, was recently approved in several countries for 
the treatment of chronic myelogenous leukemia (CML) and Philadelphia chromosome-
positive acute lymphocytic leukemia (ALL).[33c] 
 
 
Figure 7: Dasatinib. 
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1.5. Multi-Component Reactions 
A few protocols are published that build up 2-amino-1,3-thiozole scaffolds from 
isothiocyanates by multi-component reactions (one-pot one-step syntheses).*** GOLUBEV et 
al.[35] reported on the synthesis of 4,5-disubstituted aminothiazoles 44 (Scheme 10) using 
trimethylsilyl isothiocyanate (46) and α-bromoketones 41a for in situ generation of α-
thiocyanatoketones 47. Nucleophilic addition of amines 28 to the thiocyanate unit induces 
ring closure to form 44. 
 
***For more information on multi-component reactions, see reviews [38] and reference [39]. 
 
 
Scheme 10: 2-Aminothiazole formation as proposed by GOLUBEV et al. 
 
A trypsin catalyzed three-component reaction of amine 28, benzoyl isothiocyanate (48) and 
dialkyl acetylendicarboxylate 50 was published by ZHENG and co-workers.[36] A reaction 
mechanism for the formation of 2-amino-4-phenyl-1,3-thiazole 51 is proposed involving a 
seven-membered oxathiazepine heterocycle intermediate, ring contraction and elimination of 
glyoxylate. 
 
Scheme 11: 2-Amino-4-phenyl-1,3-thiazole formation as proposed by ZHENG et al. 
 
A one-pot procedure for the synthesis of N-monosubstituted 2-aminothiazoles 56 was 
reported by VASU et al.[37] A series of isothiocyanates 52 and amidines/guanidines 53 form 
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the corresponding thioureas 54, which act as S-nucleophiles. Substitution on halides 55 
induces ring closure and aromatization by amine (HNR2) elimination. Reaction conditions are 




Scheme 12: One-pot synthesis of 2-amino-1,3-thiazoles by VASU et al. 
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2. Research Goals 
 
Allenyl isothiocyanates, especially the parent compound 1-isothiocyanatopropa-1,2-diene 
(17a), are highly reactive cumulenes, that can only be synthesized by flash-vacuum-pyrolysis. 
This technique requires vaporization of the precursors into the gas phase. Higher substitution 
makes them less volatile and harsh vaporization conditions (high vacuum and temperatures) 
are needed. In those cases, it is not possible to prevent premature rearrangement and 
polymerization of the propargyl thiocyanates 16. This diminishes the yield drastically. 
Alternative methods are not suitable for this kind of non-volatile substrates either. “Solvent 
assisted” vaporization is less effective on preparative scale and simple spray pyrolysis does 
not work with highly viscous or solid substrates. Solution-spray FVP does not have these 
restrictions.  
Therefore one objective of this work was to assemble a proper solution-spray setup with 
reliable and reproducible spray generation. The set-up should be optimized for the generation 
of allenyl isothiocyanates with new functional groups to increases diversity and may lead to 
subsequent reactions. 
 
Protein kinases are the leading target in cancer therapy with small molecule ATP analogues 
today.[40] 2-Amino-1,3-thiazole was discovered as a novel inhibitor template for proto-
oncogene tyrosine-protein kinases.[33a] Allenyl isothiocyanates 17 provide easy access to this 
template by nucleophilic addition of amines 28. The carbanionic intermediate can be utilized 
for further functionalization in one-pot syntheses. 
The second objective of this work was to develop a multi-component reaction approach to 
novel highly substituted 2-amino-1,3-thiazoles 59 (Scheme 13). In this approach 17 would act 
as an amphoteric species with two reactive centres and enable at least four-centre three-
component reactions (4C-3CRs). 
 
 




3. Results and Discussion  
3.1. Solution-Spray Flash-Vacuum-Pyrolysis 
3.1.1. Spray Generation with Oil Nozzles 
 
First attempts to generate a spray by drawing a solution of propargyl isothiocyanate 
derivatives through a tapered glass capillary did indeed create a spray and proved to be of 
synthetic value. However, this method is not without flaw (see Chapter 1.2). In order to 
increase reliability and reproducibility, an alternative to the fragile glass capillary was needed. 
Some nozzles utilized in engines of motorized vehicles or oil-fired heating installations were 
deemed useful for this purpose, because they are specifically designed for fine distribution of 
liquid (and combustible) organics in high temperature applications. 
 
 
Figure 8: Oil nozzle, Swagelok tube fitting and custom-made adapters (from left to right). 
 
Typical oil nozzles for heating purposes have a 9/16’’-24 UNEF screw thread (non-metric US 
american screw thread Unified Extra Fine with 9/16 inch screw thread diameter and 24 
threads per inch screw thread length). An appropriate adapter for this screw thread and a 
Swagelok tube fitting (1/8’’) in the shape of a ground stopper NS 29/32 (first generation 
adapter; Figure 8, right) made from brass was manufactured specifically (prototype adapter in 
hexagonal shape for testing only; Figure 8, middle). Oil nozzle, copper seal (not shown), 
adapter, Swagelok tube fitting and solvent inlet pipe assembled form the injector (Figure 9).  
 
Note: Oil nozzles from various companies are easily purchased from specialized shops. They 
are highly standardized and produced from different materials like stainless steel or brass. 
Spray geometry and flow-rate can be selected specifically for the given apparatus. Although 
the flow-rate of these nozzles may still be slightly too high, oil nozzles are produced with 




Figure 9: SS-FVP injector unit. 
 
First attempts at forming a spray with a Danfoss® OD-S[41] (Figure 10a) oil nozzle were 
promising. Pure toluene was chosen as test liquid instead of an actual substrate solution. An 
orthogonal trap cooled with liquid nitrogen was used as described by DATHE.[24] The fineness 
of the generated spray was mainly affected by the flow rate and did not change observably 
under vacuum conditions at room temperature. An acceptable spray could already be achieved 
at a pressure of 100 mbar without the help of an additional solvent pump. The needed flow 
rate of up to 10 mL/min for sustaining the sprays stability without formation of drops on the 




Figure 10a: Blueprint of Danfoss® OD oil nozzle. 
 
Specifications: Type:   OD-S  
Spray angle:  45° 
   Spray pattern:  full-cone (solid) 




In order to decrease the amount of solution, which had to be drawn through the reactor, a 
nozzle with smaller flow-rate of 0.3 Usgal/h (5.0 mL/min) was applied. The spray angle of 
this nozzle was another disadvantage. The pyrolysis tube diameter was limited to 33 mm by 
the tube furnace used. The high spray angle resulted in a constant flow of solvent and 
excessive condensation on the inner surface of the tube. The chosen reactor temperature (with 
400°C in the hot zone) was not sufficient for a complete vaporization in the outer regions. 
Increasing the temperature to 600°C did not solve the condensation problem. 
Simplex atomizer[42] oil nozzles from Fluidics Instruments BV® (Figure 10b), which are 
available with flow rates below 0.3 USgal/h, proved to be superior to those from Danfoss® 
and almost ideal for the use in solution-spray application. 
 
Type:   Simplex atomizer (Fluidics Instruments BV®) 
Spray angle:  60–45° 
Spray pattern:  full-cone (solid) 
Flow-rate:  0.15–0.20 USgal/h (2.5–3.3 mL/min) 
 
 




3.1.2. Optimization of SS-FVP with Oil Nozzles 
 
Toluene was finally discarded as test solvent because of the low solubility of most allenyl 
isothiocyanates 17 in this solvent. THF was previously tested under FVP conditions up to 
500°C and proved to be thermally stable. No decomposition could be observed. Nevertheless, 
a mixture of THF (bp 66°C) and n-hexane (bp 69°C) was chosen as new solvent, usually in 
1:1 ratio. The condensation on the inner surface of the pyrolysis tube could almost be 
completely avoided by heating the solvent mixture to approximately 5 K below its boiling 
point (60–65°C). Solvent and propargyl thiocyanates 16 were placed in a three-necked round-
bottom flask equipped with reflux condenser, nitrogen gas inlet and Teflon tube outlet (Figure 
11). 
 
Figure 11: Solution-spray setup, flask and injector unit. 
 
The horizontally arranged pyrolysis tube (50 x 3.3 cm) was filled with RASCHIG rings (5 x 
5 mm, heat-dried in vacuo). Simplex atomizers from Fluidics Instruments BV® with full-cone 
spray geometry were used from this state of the experiments on. A rotary vane vacuum pump 
was sufficient for maintaining the self-regulated vacuum (about 0.03–0.05 mbar in every 
following case). Propargyl thiocyanates 16d and 16g (Figure 12) were used for optimization 





Figure 12: Substrates 16 for Optimization of SS conditions. 
 
A stable spray without fluctuations in the flow rate reduced the loss of starting material and 
enhanced reproducibility. Slight changes in vacuum did not affect the stability as much as 
bubbles of vaporized solvent. These were for example formed by boiling retardation in the 
stock flask or injection line. Efficient vacuum was always essential for spray generation. It 
was not necessary to use an high vacuum pump system, because the vaporizing solvent 
adjusted the vacuum to a specific value, depending mainly on the flow rate of the used nozzle. 
Preliminary heating of the substrate solution was essential for a good performance of the 
solution-spray. Without heating most of the thermal energy from the furnace was used to heat 
solvents to their respective boiling points and vaporize them completely, hence, less energy 
was used for the isomerization reaction. Heating the solution near its boiling point minimized 
the loss of thermal energy. The temperature of the injector unit had to be near the solvent 
temperature but not higher in order to avoid solvent vaporization within the nozzle. In case of 
higher temperatures fluctuations of the spray decreased the yield. A minimal furnace 
temperature for spray vaporization below 400°C was not determined.  
 
Table 4: Results of SS-FVP optimization. 
 
entry R nozzle T [°C] E/Pa yieldb [%] 
1c Cl 60°/0.15 400 62 : 38  32 
2c Cl 45°/0.20 425 27 : 73 73 
3 Cl 45°/0.20 425   5 : 95 95 
4 OAc 45°/0.20 425   6 : 94 64 
a Educt to product ratio. 
b NMR yield, determined by extrenal standard naphthalene. 
c Without the use of RASCHIG rings. 
 
With the use of the Simplex atomizer from Fluidics Instruments BV® with 60° spray angle, a 
certain amount of compound was lost by deposition on the inner tube surface. The 
contact/dwell time without the use of RASCHIG rings reduced the conversion of 16d below 
50% (Table 4, entry1). In later experiments a Simplex atomizer nozzle with 45° spray angle 
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was utilized. Raising the pyrolysis temperature to 425°C increased the conversion 
considerably (entry 2). Higher temperatures did not increase the yield any further. RASCHIG 
rings (5 mm in diameter) were used while their best place was in the middle third of the 
pyrolysis tube (hot zone of the furnace). RASCHIG rings near the injector interfered with spray 
vaporization. The substrate was deposited there on colder packing material and 
decomposed/polymerized, which resulted in decreasing yields. 
Using this technique, the conversion of both of the propargyl thiocyanates 16d and 16g was 
raised to the same values (entries 3 and 4) that can be achieved with normal FVP (Chapter 
1.2), and the yield of 17d was even increased significantly.[12],[22],[23] 
3.1.3. Application of SS-FVP 
 
 
Figure 13: Optimized SS-FVP setup. 
 
The SS-FVP of propargyl thiocyanate 16h (Scheme 14) was carried out under the conditions 
found for optimal conversion of 16d and 16g (Chapter 3.1.2). The yield of the isomerization 
product was determined by 1H NMR spectroscopy with naphthalene as external standard to be 
67% in the best case, whereas 33% of 16h was found unchanged. Isolation of the pure allene 
17h was possible by reducing the solution with 17h in THF and n-hexane under reduced 
pressure followed by flash column chromatography. 6-Bromo-3-isothiocyanatohexa-1,2-diene 
(17h) was isolated in 62% yield as a yellow viscous oil, that polymerized slowly. The 





Scheme 14: SS-FVP of propargyl thiocyanate 16h. 
 
A pure sample of 17h was subjected to SS-FVP again under the same conditions and gave the 
before found mixture in comparable ratio. The transformation of 17h into simple thiazole 61 
or bicyclic thiazole 60 by nucleophilic addition with subsequent ring intramolecular ring 
closures was not possible (Scheme 15). No reaction was observed when the allene 17h was 
treated with simple nucleophiles like methanol, various amines 28 or even isopropyl 




















Scheme 15: Attempted thiazole formation. 
 
3.1.4. Synthesis of Low-volatile Propargyl Thiocyanates for SS-FVP 
 
6-Bromo-1-thiocyanatohex-2-yne (16h) was synthesized starting from the known[43] acetylide 
of tetrahydropyranyl ether 62 by nucleophilic substitution of 1,3-dibromopropane (63) at low 
temperatures.[44] Hexamethylphosphoric acid triamide (HMPA) was crucial to enhance the 
deprotonation of 62. The alkylated acetylene was deprotected during aqueous work-up with 
concentrated HCl. After removal of the remaining educts via distillation and subsequent 
column chromatography the free alcohol 64 was isolated in moderate yield of 48% over two 
steps. Bromination with PBr3 and pyridine in Et2O with subsequent heating to reflux for 3 h 
gave pure dibromide 65 in 57% yield after work-up. No further purification was needed. 




Scheme 16: Synthesis of propargyl thiocyanate 16h. 
 
1,6-Dithiocyanatohexa-2,4-diyne (16i) was synthesized in two steps as described in literature 
using the known diol 66a.[45] Bromination under mild conditions with freshly made 
triphenylphosphine dibromide in DCM gave the dibromide 66b[46], which was isolated as 
slightly impure oil. It could directly be used in the final step for nucleophilic substitution with 
ammonium thiocyanate in methanol to give 1,6-dithiocyanatohexa-2,4-diyne (16i) in 64% 
yield over two steps. 
 
 
Scheme 17: Synthesis of propargyl thiocyanate 16i. 
 
Unfortunately, 16i is a hardly soluble solid and it was not possible to dissolve it in any 
suitable solvent for SS-FVP under any conditions. Attempted [3,3]-sigmatropic 
rearrangement under conventional thermal conditions (heating in toluene up to 140°C) in the 








3.2. Calorimetric Determination of the Heat of Polymerization of 17a 
 
Allenyl isothiocyanates were reported to have the tendency for spontaneous, highly 
exothermic polymerization. The mechanism of this polymerization and the resulting products 
could never be characterized. Furthermore, decomposition always appears to accompany the 
presumed polymerization, especially when the pure compound is transformed explosively. 
The obtained solid from conversions in solution was always insoluble and structural 
elucidation by any spectroscopic means or elemental analysis failed. 
It should be mentioned that the pure allenyl isothiocyanates hold a certain hazardous potential 
because of their explosive nature. In order to classify this reaction to some extend the heat of 
polymerization was determined by isothermal reaction calorimetry.  
The needed amount of allenyl isothiocyanate 17a was synthesized according to the known 
procedure[12] with a standard flash-vacuum-pyrolysis setup. By diluting the crude solution of 
48.0 g (0.494 mol) allene 17a in additional solvent a toluene solution of 15.4 m% (350 mL) 
concentration was obtained and introduced completely into the reaction calorimeter. 
 
Note: The determination of the heat of polymerization was a cooperation with the group of 
Technical Chemistry. Calorimetry was conducted by Dipl.-Chem. René Schmidt. Used 
Hardware: Mettler-Toledo Reaction Calorimeter RC1e. 
 
After calibrating the system with pure toluene (determination of calibration factor UA), a  
15.4m% (48 g) solution of allene 17a in toluene was freshly prepared and introduced into the 
reaction calorimeter vessel before spontaneous self-heating could occur. The reactor 
temperature TR was kept constant at 30°C. Both reactor and jacket temperature TJ were 
measured throughout the experiment. The heat flow Qflow from reactor to jacket was 
determined by integration over the reaction time until no significant change of TJ was detected 
anymore and the reaction stopped presumably. 
 
Qflow = UA (TR–TJ)  (1)[47] 
 
A change of the internal energy U of a system occurs by exchanging work W and heat Q with 
the environment (constant pressure presumed).[48] 
 
dU = δQ + δW = δQ – pdV   (2) 
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For change of enthalpy with H = U + pV equation (3) applies: 
 
dH = dU + pdV  + Vdp = δQ + Vdp   (3) 
 
The allene content of the toluene solution was determined after completion of the calorimetry 
to be 5.2m%, which equals about 66% conversion. The heat of polymerization was calculated 
to be –71.49 kJ. Neglecting isochoric and volume work simplifies equation (3) and gives the 
reaction enthalpy ΔH = –218.5 kJ/mol. 
 
The polymerization enthalpy ΔH for the formation of condensed polymers from ethylene or 
propylene is about –105 kJ/mol.[49] 
 
Prior to that work differential thermal analysis of the allene precursor propargyl thiocyanate 
16a was conducted (Figure 14). An enthalpy value of ΔH = –236.5 kJ/mol was determined for 
the conversion of propargyl thiocyanate 16a to allene 17a accompanied by direct 
polymerization/decomposition (unpublished result). 
 
Note: The determination of the reaction enthalpy was a cooperation with the group of 
Physical Chemistry. Thermal analysis was conducted by Dr. Cornell Wüstner. Used 
Hardware: PerkinElmer TGA 7 Thermogravimetric analyzer. 
 
 
Figure 14: Differntial thermal anaylsis (DTA) of  propargyl thiocyanate 16a. 
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Propargylthiocyanate 16a (weight 1.578 mg) was heated from 30 to 250°C with a heating rate 
of 10 K/min in 20 mL/min nitrogen flow. 
Surprisingly the reaction enthalpy of the precursor (ΔH = –236.5 kJ/mol) is higher than of the 
allene itself (ΔH = –218.5 kJ/mol) which indicates that the rearrangement of 16a to 17a is an 
exothermic step. Altough these methods – DTA and calorimetry – are hard to compare in a 
direct manner, a slightly exothermic [3,3]-sigmatropic rearrangement to allene 17a seems 
plausible. 
 
3.3. Synthesis of Simple 2-Amino-1,3-thiazoles by Nucleophilic Addition of Amines to 
Allenyl Isothiocyanate (17a) 
3.3.1. Reaction of Allene 17a with Primary Arylamines 
BANERT and co-workers reported the reaction of allenyl isothiocyanate 17a with an excess of 
aniline (67a). 5-Methyl-N-phenylthiazol-2-amine (68a) was isolated in 82% yield as the only 









17a 68a, 82%  
Scheme 18: Synthesis of thiazole 68a.[22] 
 
The outcome of this reaction changes when a slight excess of allene 17a is used. Aniline 
(67a) was reacted with 1.5 equivalents of 17a to afford only the N-thiazolyl-2-imino-1,3-
thiazoline 35a in 36% isolated yield. Similar behaviour was observed in the reactions with 
2,6-xylidine (67b) and p-anisidine (67c), but now both products could be found (Scheme 19). 
 
 
Scheme 19a: Reaction of 17a with anilines 67a–c. 
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Interestingly, the formation of the N-thiazolyl-2-imino-1,3-thiazoline 35 structure is more 
favoured with decreasing nucleophilicity of the aniline derivative. p-Anisidine (67c) is the 
electron-richest and strongest nucleophile and yields the thiazole products 67c/35c in about 
3:1 ratio in contrast to aniline (67a), which is the electron-poorest and weakest nucleophile.  
 
The yields of such 2-iminothiazoline 35 could be improved by increasing the amount of 
allenyl isothiocyanate 17a to 2.5 equivalents and adding MeOH in order to suppress unwanted 
polymerization (Scheme 19b). Under these conditions the product ratio did not show the 
previously found dependence and the 2-iminothiazolines 35b and 35d were isolated in 77% 
and 86% yield, respectively.  
 
 
Scheme 19b: Improved synthesis of 2-iminothiazolines 35b and 35d. 
 
The nicely crystallizing solids 35b and 35d were used for single-crystal x-ray diffraction to 
prove the 2-imino-1,3-thiazoline structure (Figures 15a and 15b). Interestingly, conjugation of 
both aromatic ring systems is not given. The substituents in 2 and 6-position force the 




Figure 15a: ORTEP diagram (55% ellipsoid probability) of the molecular structure of thiazole 35b. 
 
 
Figure 15b: ORTEP diagram (55% ellipsoid probability) of the molecular structure of thiazole 35d. 




3.3.2. Reaction of Allene 17a with N-Isopropyl Arylamines 
Primary amines 67a–d yielded thiazoles 68 and in most cases also the corresponding N-
thiazolyl-2-imino-1,3-thiazolines 35. Secondary amines should not show this reactivity and 
give only the thiazoles in theoretically higher yields. The N-isopropyl derivatives of some 
anilines 69a–c were prepared by reductive amination.[50] It could be shown that these amines 
are excellent nucleophiles in the reaction with 17a (Scheme 20). 
The sterically demanding isopropyl derivative of p-toluidine 69a was reacted with allenyl 
isothiocyanate (17a) in only 4 h in 96% isolated yield. The exothermic reaction had to be 
cooled in an ice bath at the beginning to avoid polymerization of the allene. This reaction was 
carried out with almost quantitative NMR yield of 99% in CDCl3 over night at room 
temperature. N-Isopropyl-4-methoxyaniline (69b) reacted in very good yield of 78% to the 2-
aminothiazole 70b. The sterically very demanding N-isopropyl-2,6-dimethylaniline (69c) 
yielded only 6% of 2-aminothiazole 70c after a reaction time of several days.[51] 
 
 
Scheme 20: Reaction of 17a with N-i-Pr-anilines 69a–c. 
 
3.3.3. Attempted Deprotection of N-PMP substituted 2-Aminothiazole 70b 
para-Methoxyphenyl (PMP) is often used as protective group in amine chemistry.[52] It 
became more prominent with the development of the BUCHWALD-HARTWIG amination 
reaction.[53] Because primary amines are less effective nucleophiles for the formation of 
thiazoles in the reaction with allenyl isothiocyanates 17, the value of p-methoxyphenylamines 
as protected primary amine equivalents was investigated.  
PMP is usually cleaved with oxidizing agent ceric ammonium nitrate (CAN) or hypervalent 
iodine reagents such as (diacetoxyiodo)benzene (DIB).[52] However, both reagents did not 
deprotect the thiazole compound 70b but mainly lead to oxidative decomposition at prolonged 




Scheme 21: Treatment of 70b with oxidizing agents. 
 
The thiazole heterocycle was obviously too electron-rich and was oxidized before 
deprotection to 71 could take place. Only in the reaction with DIB an isolable product 72 was 
formed. HR MS showed that 72 had the same mass and elemental composition as 70b. NMR 
indicates an isomerization only of the thiazole unit while the PMP was preserved. Analysis of 
coupling constants makes the formation of a 3-methylazete-2(3H)-thione structure most 
plausible. The coupling constant JCH = 139.7 Hz of C-3 was determined by coupled 13C NMR 
spectroscopy. It is close to the C–H coupling typically found in cyclobutane ring systems 
(Figure 16).[54] Growing a single crystal did not succeed. 
 
 
Figure 16: C–H coupling constants of normal ring systems. 
 
A possible mechanism for the formation of 72 is given in Scheme 22. Oxidation occurs most 
likely on the centre of highest electron density (I). Migration of the 5-methyl group (II) is 
followed by homolytic ring opening (III). An intermediate aziridine (VI) undergoes ring 
expansion to the corresponding azetidin (VIII) and leads to a stabilized radical cation that is 



























































Scheme 22: Possible mechanism for the formation of 72. 
 
3.3.4. Reaction of Allene 17a with 2,2,6,6-Tetramethylpiperidines 73 
Unlike open-chained, secondary di-tert-alkyl amines, the cyclic amines with piperidine 
substructure are less hindered due to the ring structure, which leads to a fixation of the alkyl 
side chains on the resulting chair and a smaller amine bond angle. 
Triacetonamine (73a, TAA) was treated with one equivalent of allene 17a. The reaction was 
completed after 48 h and the desired product 2,2,6,6-tetramethyl-1-(5-methylthiazol-2-
yl)piperidin-4-one (74a) could be isolated via flash chromatography in 74% yield (result 
published in ARKIVOC 2012, (iii), 379–390).[55] The reaction was successfully repeated with 
2,2,6,6-tetramethylpiperidine (73b) to give 2,2,6,6-tetramethyl-1-(5-methylthiazol-2-








Table 5: Synthesis of triacetonamine derivatives 74. 







c CH=CH 1.5 80 
 
The yield of 74a increased to 91% when 1.5 equivalents of 17a were used, but no 
improvement was observed in case of piperidine 73b. 2,2,6,6-Tetramethyl-1,2,3,6-
tetrahydropyridine (73c) is slightly less hindered compared to 73b because the shorter double 
bond reduces the ring size and makes the nucleophilic nitrogen more accessible. Even so 
thiazole 74c was formed in the same yield of 80% as 74b when 1.5 equivalents of 17a were 
used. 
The high reactivity of TAA (73a) and its derivatives toward allene 17a is remarkable, 
considering its low reactivity in N-alkylation reactions.[55],[56] Tetrahydropyridine 73c was 
synthesized by literature known methods from commercially available TAA (73a).[57] 
 
3.3.5. Reaction of Allene 17a with Sterically Demanding Dialkylamines 
The lithium salt of diisopropylamine 28b is widely used as non-nucleophilic base. However, 
28b is less sterically demanding than TAA (71a) and should be a good nucleophile towards 
allenyl isothiocyanates like 17a. It was shown that 17a indeed reacted nicely with 
diisopropylamine 28b (Table 6). The reaction was complete after only 10 min as indicated by 
TLC and NMR in both THF and CHCl3. 1.5 equivalents of 17a were used in reactions in 
THF. Greater amounts of allene did not increase the yield any further than 56%. The isolated 
yield of 25b in CHCl3 was 87% with 2.0 equivalents of 17a. Reaction in CDCl3 on NMR 
scale indicated quantitative conversion. Sterically more demanding N-tert-
butylisopropylamine 28c gave the 2-aminothiazole 25c in surprisingly high iolated yield of 
80%, but a longer reaction time was required, making it very similar in reactivity to 
triacetonamine derivatives 71. The open-chained di-tert-alkylamines 28d and 28e did not 
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afford the 2-amino-1,3-thiazoles 25d and 25e, no conversion was observed even after 24 h. 
Obviously, the steric demand of two free rotating tertiary alkyl groups that are not fixed by a 
propylene bridge are too much of an obstacle to overcome by slim electrophile 17a. 
 
Table 6: Synthesis of 2-amino-1,3-thiazoles 25b–e. 
 
 R1 R2 solv. t yield [%] 
ba H H 
THF 10 min 56 
CHCl3 10 min 87b 
ca H Me THF 10 h 80 
dc Me Et THF 24 h 0 
ec Et Et THF 24 h 0 
a During the first 10 min the reaction mixture was cooled to 0°C 
because of strong exothermic reaction; 1.0 eq 17a. 
b 2.0 eq 17a. c 1.5 eq 17a. 
 
Note: Sterically demanding amines 28d and 28e were prepared according to literature known 
methods[58] from 3-chloro-3-methylbut-1-yne[59] and the corresponding tert-alkylamines by 
Dipl-Chem. KATHARINA FINK from BANERT group. 
 
3.3.6. Reaction of Allene 17a with N-Aminophthalimid (75), Hydroxylamines and 1,3-
Diphenyltriazene (81) 
Nucleophiles with a weak heteroatom-heteroatom-bond like hydrazine or azide usually react 
with allenyl isothiocyanate (17a) under cleavage of this bond after nucleophilic addition 
(Chapter 1.4).[28] N-Aminophthalimide (75), which is used as a hydrazine synthon in 
transformations requiring regiospecific functionalization,[60] was expected to react in a similar 
fashion. 
It was found out that after thiazole formation N–N bond cleavage does not occur. Instead, the 
formed 2-aminothiazole derivative 76a reacts with a second equivalent of 17a to form the 
surprising N,N-bisthiazole 76b (see x-ray structure in Figure 17). This is the first example of a 
2-amino-1,3-thiazole to react with the exocyclic amine function and not with the ring nitrogen 
as found in structurally similar 35d (see x-ray structure in Figure 15). Decomposition of the 
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products gained in 22% (76a) and 57% yield (76b) was not observed until heated to 190°C 
and 265°C, respectively (results published in Eur. J. Org. Chem. 2014, 2899–2906).[28b] 
 
 
Scheme 23: Reaction of hydrazine 75 and 76a with allene 17a. 
 
A) 1.5 eq 17a, 24 h: 76a 12%, 76b 21%. 
B) 1.5 eq 17a, 48 h: 76a 29%, 76b 45%. 
C) 2.3 eq 17a, 48 h: 76a 22%, 76b 57%. 
 
As it is the case for of N-thiazolyl-2-imino-1,3-thiazines 35 the formation of 76b proceeds via 
the monoarylated amine intermediate. This is emphasized by comparison of the isolated 
yields after 48 h reaction time with 1.5 and 2.3 equivalents of allenyl isothiocyanate 17a. The 
product ratio shifts to the N,N-bisthiazole side with an excess of 17a. When isolated 76a was 
treated again with 17a under similar conditions 76b was gained in 50% yield.  
 
 




Various N-hydroxylamines with two alkyl substituents at the nitrogen atom showed the 
expected behaviour when treated with 17a as described in Chapter 1.4 (for comparison see 
Scheme 24).[28a] After nucleophilic addition of the hydroxylamine, the carbanionic thiazole 
intermerdiate of type A is formed in the usual manner via the observable allene intermediate 
78. Cleavage of the weak O–N bond proceeds faster than protonation and leads to liberation 
of the secondary amine 28 and formation of the highly unsaturated species B. Depending on 
the educt ratio, the free amine base 28 reacts now either with B to form thiazol-2(3H)-one 79 
or with excessive allene 17a to form thiazole 25. It was shown that thiazole compounds of 
type 25 are not formed when an excess of the corresponding hydroxylamine is used. Only 
when the educt ratio is inverted free amine can react with excessive allene 17a after cleavage 
of the N–O bond. When N,N-dimethylhydroxylamine (77a) was used as hydrochloride salt, 
only thiazole 25a was isolated.[28a] All other hydroxylamines were applied as free bases. 
To close this gap in the data, the hydrochloride was treated with ammonia according to a 
literature known procedure[61] to liberate the neat N,N-dimethylhydroxylamine (77a). The free 
base was then treated with 17a. Now the thiazol-2(3H)-one 79a was isolated in 58% yield, 
alongside thiazole 25a in 29% yield. The allene intermediate 78a was also observed by NMR 
experiments and found to be formed in quantitative yield in CDCl3. 
 
 
Scheme 24: (NMR) reaction of hydroxylamine 77a with allene 17a. 
 
Additional experiments on preparative and NMR scale were carried out and summarized in 
Table 7 (results published in Eur. J. Org. Chem. 2014, 2899–2906).[28b] After addition of N-
tert-butyl-N-isopropylhydroxylamine (77c) cleavage of the weak N-O bond occurred and N-
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tert-butylisopropylamine (28c) was formed alongside highly unsaturated species B (for 
comparison see Scheme 24). Unexpectedly, readdition of both to form thiazol-2-one 79c was 
not observed. Instead, the known, very fast reaction of the amine with excessive allene was 
favoured and 2-aminothiazole 25c was isolated in 33% yield. N,N-Di-tert-
butylhydroxylamine (77d) showed absolutely no reactivity towards allene 17a. 
 
Table 7: Reaction of hydroxylamines 77 and 17a under various conditions. 
 
77 R1 R2 
ratio yield [%] 
77/17a 79 25 
THF, 20°C, 24 h isolated yielda 
a Me Me 1.0:1.1 58 29 
a Me Me 2.0:1.0 55 0 
b Et Et 2.0:1.0 79 0 
c i-Pr t-Bu 1.0:1.5 0 33 
d t-Bu t-Bu 1.0:2.0 0 0 
CDCl3, –5°C to rt, 24 h 1H NMR yieldb 
a Me Me 2.0:1.0 84 0 
a Me Me 1.0:2.0 21 62 
b Et Et 2.0:1.5 41 35 
bc Et Et 1.0:2.0 0 58 
d t-Bu t-Bu 2.0:1.0 0 0 
a Isolated yields based on the substoichiometric starting compound 
after column chromatography. 
b NMR yield based on external standard, naphthalene. 
c 92% yield of allene intermediate 78b. 
 
Other nitrogen nucleophiles with weak nitrogen-heteroatom bonds like N,O-disubstituted 
hydroxylamines of type 80 and 1,3-diphenyltriazene (81, Figure 18) were unreactive towards 
allene 17a. No products were observed in reactions at various temperatures and even after 
longer reaction times (several days), only progressive decomposition of the allenyl 
isothiocyanate (17a) occurred. Tri-n-butyl(n-hexadecyl)phosphonium azide[62] – an azide 
highly soluble in less polar, organic solvents – was found to react violently with 17a in 
contrast to lithium azide and hydrazoic acid. Immediate evolution of dinitrogen and 





Figure 18: Unreactive nucleophiles hydroxylamine 80 and 1,3-diphenyltriazene (81). 
 
3.4. Synthesis of Functionalized 2-Amino-1,3-thiazoles by Multi-Component Reactions 
3.4.1. Allenyl Isothiocyanate (17a) based 3CRs with TAA (72a)	
Considering reaction time and yield of reactions previously carried out, TAA (73a) seemed to 
be the best choice as a nucleophile for MCRs with allenyl isothiocyanate (17a) as amphoteric 
species. β-Nitrostyrene (82) was chosen as electrophile. A first reaction with those three 
components in equimolar amounts mixed at once in anhydrous THF and stirred at room 
temperature gave the desired three-component product 2,2,6,6-tetramethyl-1-[5-(3-nitro-2-
phenylpropyl)thiazol-2-yl]piperidin-4-one (83) in moderate yield of 60%. When 1.25 
equivalents of each allenyl isothiocyanate (17a) and electrophile were used, the isolated yield 
was increased to 72% after column chromatography. Addition of more 17a (up to 2 eq) and β-
nitrostyrene (82, up to 3 eq) did not lead to higher yields. The electrophile β-nitrostyrene (82) 
is prochiral. The enantiomeric excess of this multi-component product and all following ones 
was not determined but it can be presumed that racemic mixtures of both enantiomers were 










































Scheme 25: Synthesis of three-component product 83. 
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Various bases (NEt3, DABCO, DMAP, TMEDA, TEEDA, 2,4,6-trimethylpyridine, aq. KOH, 
aq. LiOH) tested in the four-center three-component reaction of TAA (73a), allenyl 
isothiocyanate (17a) and β-nitrostyrene (82) only increased the rate of allene polymerization 
or showed no effect at all, when used in catalytic amounts (0.1m%). 
Substituted benzaldehydes 84a–e were also suitable electrophiles of which 4-
nitrobenzaldehyde gave the 2-(2-aminothiazol-5-yl)ethanol 85d in best isolated yield of 55% 
to 74%. 
 
Scheme 26: Syntheses of 3CR products 85. 
 
Results from three-component reactions with TAA (73a) and benzaldehyde electrophiles 84 
are listed in the following table (Table 8). 
 
Table 8: 3CR products 85 from benzaldehydes 84. 
entry R-CHO  timea [d] product yieldb [%] 
1 84a 2 85a 43 





84c 4 85c 68 
4 84d 2 85d 74 
5 84e 2 85e 43 
a The end of the reaction was indicated by TLC. 
b Isolated yields after column chromatography. 
 
All 3CRs were carried out using 1.25 equivalents of allenyl isothiocyanate (17a) and 
benzaldehyde 84. The reactions were complete after 48 h or 96 h when halogenated 
benzaldehydes were used. The isolated yields of these reactions were roughly dependent on 
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the electrophilicity of the benzaldehydes. Best results were found for 
pentafluorobenzaldehyde (84c) and 4-nitrobenzaldehyde (84d). The sudden decrease in yield 
in case of 2,4-dinitrobenzaldehyde (84e) is probably caused by its steric hindrance. The 
simple two-component product (74a) from TAA (73a) and 17a was found in all cases but the 
yields were not determined. 
 
3.4.2. Allenyl Isothiocyanate (17a) based 3CRs with Anilines (67)	
Anilines 67 were introduced in MCR of allenyl isothiocyanate (17a) with β-nitrostyrene (82) 
as electrophilic species (Scheme 27). The same reaction conditions as described for the 
reactions with TAA (73a) were applied. The corresponding 2CRs were carried out previously 
(see Chapter 2.4). The simple thiazoles 68 and N-thiazolyl-2-imino-1,3-thiazoles 35 were 
identified not as intermediates and isolable side products, but as the main products. Three-
component products of type 86 were hardly formed at all. Only the reaction with aniline (67a) 
as nucleophile afforded the 3CR product 86a in at least 27% yield alongside the more 
complex MCR product 87a in 12% isolated yield. 
 
 
Scheme 27: Syntheses of MCR products from anilines 67, 17a and β-nitrostyrene (80). 
 
Furthermore, in the multi-component reaction with 2,6-diisopropylaniline (67e) the wanted 
3CR product 86 was only observed via NMR in trace amounts. Instead the more complex 




Figure 19: Complex MCR product with 2-iminothiazole structure 87. 
 
3.4.3. Allenyl Isothiocyanate (17a) based 3CRs with Acyclic Secondary Amines	
After the successful MCRs of TAA derivatives with allenyl isothiocyanate (17a), a series of 
acyclic, secondary amines was applied. Unfortunately, the relative yields were not as high, 
but the reaction rate was many times faster, giving the corresponding MCR products in less 
than 10 min. 
 
Scheme 28: Synthesis of 3CR products 89 from secondary amines. 
 
N-Methylaniline (88) was a good nucleophile towards allenyl isothiocyanate (17a), but 
reactivity was increased by more electron-donating isopropyl group at the aliphatic side 
(Table 9, entry 5). Steric hindrance had again only a minor influence, as in reaction with 
triacetonamine. N-Isopropyl-tert-butylamine (28c) was the best nucleophile of the acyclic 












Table 9: Results of MCRs with secondary amines. 
entry amine 
yieldsa [%] 
3CR product 2CR product 
1b 28c  89a 72 25c n.o. 
2 69d 
 
89b 65 70d 19 
3 28b 
H
N 89c 62 25b 9c 
4b 69a 
 
89d 61 70a 33 
5b 69b 89e 61 70b 27 
6 88 
 
89f 58 90 22c 
a Isolated yields after flash column chromatography. 
b Entry 1:10 h reaction time; entry 4 and 5: 2 h. 
c NMR yield. 
 
The second organic moiety next to isopropyl side-chain is obviously variable, aliphatic and 
aromatic moieties resulted in similar yields. 
 
3.4.4. Temperature Dependence of Allenyl Isothiocyanate (17a) based 3CRs	
The temperature limitation due to the polymerization tendency of the allene at high 
temperatures does not allow carrying out these reactions at temperatures much higher than 
ambient temperature. However, lower temperatures down to –78°C can be applied without 
substrate specific limitations. 
As a model, the reaction between diisopropylamine (28b), allenyl isothiocyanate (17a) and β-
nitrostyrene (82) was chosen (Table 9, entry 3, Scheme 29). The relatively short reaction time 





Scheme 29: Model MCR for temperature optimization. 
 
The reaction was carried out between +20 and –60°C. It was shown that, if the temperature 
was near ambient temperature the yield of MCR product was only 56%. At the previously 
applied 0°C, this yield rose slightly to 62%, and the yield of the corresponding two-
component product dropped significantly to 9%. Further decrease of the reaction temperature 
lead to a decrease in yield of 3CR product 89c below 35%. The optimal reaction temperature 
was found to be 0°C. 
 
Table 10: Temperature dependence of 17a based MCR. 
entry T [°C] yield of 89c [%] yield of 25b [%] 
1 20 56 16 
2 0 62 9 
3 –30 34 13 
4 –60 31 13 
Isolated yields after flash column chromatography. 
 
3.4.5. Alternative Three-Component Reaction Product 91	
In testing the temperature dependence of allenyl isothiocyanate based 3CR with 
diisopropylamine (28c) and β-nitrostyrene (82), a second product containing all three 
components was isolated after reaction at –30°C. This compound still contained the allenyl 
moiety and was therefore readily polymerized alongside excessive allenyl isothiocyanide 
(17a). Separation by flash column chromatography was possible when performed quickly 




Scheme 30: Synthesis of 3CR products 89c and 91. 
 
The second 3CR product was identified by spectroscopic means as 5,6-dihydro-4H-1,3-
thiazine 91. This heterocyclic structure was never observed in reactions carried out at 0°C. 
The formation of the thiazole 89c is still favoured even at –60°C. Nevertheless it explains the 
reduced yield of 89c at low reaction temperatures (see Chapter 3.4.3)  
 
Scheme 31 shows the proposed reaction mechanisms leading to 89c and 91. It appears that 
starting from intermediate A with decreasing temperature intermolecular, nucleophilic attack 
of the urea sulfur on 82 is progressively favoured compared to intramolecular ring closure 
(B1). This way three new stereocenters were formed at C-4, C-5 and C-6 and the substituents 
were all-trans configurated as indicated by NMR. The formation of both enantiomers was 



































Scheme 31: Proposed reaction mechanisms leading to the formation of 89c and 91. 
 
3.4.6. Solvent Dependence of Allenyl Isothiocyanate (17a) based 3CRs	
Solvent dependence of allenyl isothiocyanate (17a) based 3CRs was investigated. The same 
model MCR as previously was chosen in terms of comparability. Ten polar and unpolar, 
aprotic solvents were tested. When the reaction was carried out in a protic solvent (MeOH), 
no product other than 25b was isolated. Protonation of the carbanionic intermediate (B1, see 
Scheme 31) by the protic solvent was faster than reaction with a second electrophile. Results 
of the other experiments are listed in Table 11 separated between coordinating (entry 1–9) and 











Table 11: Solvent dependence of 17a based MCR. 
entry solvent 
polarity[63] yields [%] ratio 
Z value PIa 25b 89c 91b 89c/25b 
1 DMF 68.5 6.4 1 28 0 97 :   3 
2 
MeCN 71.3 6.2 
5 28 22 85 : 15 
3c 5 27 29 84 : 16 
4 Acetone 65.7 5.4 5 40 17 89 : 11 
5c 1,4-Dioxane 64.6 4.8 13 47 0 78 : 22 
6 EtOAc 64.0 4.3 14 39 8 74 : 26 
7 THF 58.8 4.2 9 62 0 87 : 13 
8d Et2O - 2.9 39 20 0 34 : 66 
9d t-BuOMe - - 22 20 11 48 : 52 
10 CH2Cl2 64.2 3.4 49 30 0 38 : 62 
11 CHCl3 63.2 4.4 66 16 0 20 : 80 
12d Toluene - 2.3 67 4 9   6 : 94 
a Polarity Index. b NMR yield. c Additional experiment at –40°C (entry 3), reaction at 10°C (entry 5), 
all other experiments at 0°C. d No polarity data found. 
 
For each reaction, a solution of allenyl isothiocyanate (17a) in the respective solvent was 
freshly prepared by FVP (about 2.4 mmol in 10 mL solvent). Diisopropylamine (28c, about 
1.4 mmol) and β-nitrostyrene (82, about 2.0 mmol) were added at usually 0°C. After 20 min 
the reaction was completed and the products were isolated by flash column 
chromatography.[64] 
As it is shown in Table 11 there is a clear correlation between the polarity of the used solvent 
and product ratio 89c/25b. The more polar the solvent the higher the yield of wanted 3CR 
product 89c compared to the simple thiazole 25b. With DMF mainly 89c was formed and 
only traces of 25b were isolated. Non-coordinating solvents like toluene (entry 12) favoured 
the formation of 5-methyl-1,3-thiazole 25b. High polarity improved but did not turn the 
product ratio in favour of 89c (entry 11). Best yields were achieved in cyclic ethers THF 
(62% 89c) and 1,4-dioxane (47% 89c). Originally chosen THF proved to be the best solvent 
for the model MCR after all. No better results were achieved with any of the other solvents. 
No correlation for the formation of thiazine derivative 91 was found. However the formation 
of 91 was favoured over 89c when the reaction temperature was lowered to –40°C in MeCN. 
 
Note: Three-component reactions in solvents mentioned in Table 11 except THF (entry 7) 
were performed by M. AHNERT during his bacherlor thesis[64] in the BANERT group under 
supervision of the author. Determination of NMR yields was also carried out by the author. 
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3.4.7. 3CRs with Benzaldehydes 84 and Acyclic Secondary Amines	
Secondary amines like TAA (73a) seemed more promising. Amines 69b and 28c were used as 
nucleophiles in the reaction with p-chlorobenzaldehyde (84b) and benzaldehyde (84a) as 
electrophiles, respectively. However the corresponding 3CR products 94a and 94b were 
isolated with limited yield of about 40% in both cases. Surpisingly the pseudo-4CR product 

























69b: R1 = i-Pr, R2 = PMP 84b: R3 = C6H4Cl
28c: R1 = i-Pr, R2 = t-Bu 84a: R3 = Ph
*
 
Scheme 33: Synthesis 3CR and pseudo-4CR products. 
 
An attempt to increase the yield of 95 by doubling the amount allenyl isothiocyanate 17a was 
not successful (Table 12). 
 
Table12: Synthesis 3CR and pseudo-4CR products. 
entry amine 
equivalents yields [%] 
17a 84 25c or 70b 94 95 
1 69b 1.5 1.5 34 40 0 
2 28c 1.5 1.5 31a 41 7 
3 28c 1.5 3.0 33a 22 4 
a NMR yields. 
 
3.4.8. Allenyl Isothiocyanate (17a) based 3CRs with other Carbonyls	
Benzaldehydes 84 were found to be good electrophiles for allenyl isothiocyanate (17a) based 
MCRs. Other carbonyl compounds such as aliphatic aldehydes or methyl ketones were 







Table13: Carbonyl compounds 96 as electrophiles in 17a based MCRs. 
 carbonyl NuH products 
96 
a CH3–CH2–CHO 73a 74a 
b Ph–CH2–CHO 28b 25b 
c CH3–CH=CH–CHO 28b - - - 
d Cl3C–CHO 73a, 69a 73a·HCl, 69a·HCl 
e CH3–C(O)–CH3 73a 74a 
f Ph–C(O)–CH3 73a 74a 
98 
a CH2=CH–C(O)–CH3 69a 70a 
b HC≡C–CO2Me 73a 74a 
c MeO2C–C≡C–CO2Me 73a 74a 
 
Out of the aliphatic carbonyl compounds shown above propanal (96a), phenylacetaldehyde 
(96b), trichloroethanal (96d), propan-2-one (96e) and acetophenone (96f) were expected to 
react to the alcohols 97 (Scheme 34). In all cases only the simple 5-methyl-1,3-thiazoles 25b 



















Scheme 34: Attempted reactions with various carbonyl compounds 96. 
 
Very reactive trichloroacetaldehyde (96d) was used in reactions with amine nucleophiles 69a 
and 73a. Both nucleophiles reacted instantaneously with 96d to form white precipitates 
consisting of the pure hydrochloride salts in almost quantitative yields. No other products 
were found. Crotonaldehyde (96c), methyl vinyl ketone (98a), methyl propiolate (98b) and 
dimethyl acetylenedicarboxylate (98c) were expected to react as MICHAEL acceptors (Scheme 
35).  
 
Scheme 35: Attempted reactions with carbonyl compounds 96c and 98. 
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Reaction with 96c gave only an undefined, complex mixture of products that could not be 
purified. From reactions with 98a–c only the simple 5-methyl-1,3-thiazoles 70a and 74a were 
observed but no 3CR products 99. 
 
3.4.9. Attempted Allenyl Isothiocyanate (17a) based 3CRs with Oligoamines	
Multiple three-compound reactions were attempted with nucleophiles containing more than 
one nucleophilic center. 1,4,8,11-Tetraazacyclotetradecane (100) is a tetraamine compound 
with four nucleophilc sites that should readily react with allenyl isothiocyanate (17a) and β-




Scheme 36: Attempted synthesis of multi 3-CR product 101. 
 
However, mainly polymerization/decomposition of 17a was observed, and 82 was regained 
almost completely from the reaction mixture. The crude product obtained from this reaction 
was a complex mixture. None of the compounds could be isolated or identified with mass 
spectrometry as one of the desired MCR products or one of its intermediates. Even simple 5-
methyl-1,3-thiazoles from the reaction of the nucleophile solely with allenyl isothiocyanate 
(17a) were not isolated. The same result was found for the triamine compounds 102a and 
102b[65] (Figure 20) after treatment with 4.0 eq of 17a and 82. The known amine 102b was 
synthsized from 102a by alkylation of the primary amine functions.[50] The additional alkyl 
groups were supposed to benefit the desired threefold 3CR by increasing the nucleophilicity 
of the amine. 
 
Figure 20: Oligoamines 102a and 102b. 
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3.4.10. Allenyl Isothiocyanate (17a) based 3CRs with Imines	
Next to benzaldehydes 84 and other carbonyl compounds (96 and 98) imines with and without 
electron withdrawing N-substituents were investigated as electrophiles for 17a based 3CRs. 
Imines are condensation products of aldehydes and primary amines. Therefore a working 
MCR with this kind of electrophiles would be considered a pseudo-4CR. Imine 104 was 
synthesized in 91% isolated yield from 4-nitrobenzaldehyde (84d) and 2-methoxyethanamine 
(103) by a method known in literature (Scheme 37).[66]  
 
 
Scheme 37: Synthesis of imine 104. 
 
2-Methoxy-N-(4-nitrobenzylidene)ethanamine (104) was treated with 1.5 equivalents of 
allenyl isothiocyanate (17a) and diisopropylamine (28b) in THF (Scheme 38). The reaction 
was monitored by TLC. After column chromatography only thiazole 25b was isolated and 



















Scheme 38: Attempted pseudo-4CR with imine 104. 
 
Addition of anhydrous ZnCl2 as a Lewis acid for imine activation also did not work. The 
trivial 5-methylthiazole was isolated again as exclusive product. 
 
The commercially available N-sulfonyl imine (106) is a reactive imine derivative, because of 
the strong electron withdrawing group at the imine nitrogen. It was treated with 1.5 
equivalents of 17a and the amines 73a and 69a, respectively, in THF at 0°C (Scheme 39). 




Scheme 39: Pseudo-4CR with imine 106. 
 
The pseudo-4CR products precipitated as white solids and were isolated in good yields of 


















Figure 21: Pseudo-4CR products 107a and 107b. 
 
The multi-component product 107b was recrystallized from toluene to give single-crystals, 
which were analysed by X-ray diffraction (Figure 22). The crystal consisted of both 





Figure 22: ORTEP diagram (45% ellipsoid probability) of 
the molecular structure of the (S)-enantiomer of thiazole 107b. 
 
3.5. Related Investigations 
3.5.1. Reinvestigation of 1H-Azirine Syntheses 
 
In the course of this work, related publications were noticed, that deserved a closer look. 
ELGUERO[67] and co-workers described the formation of 1H-azirine 109 by flash vacuum 
pyrolysis (FVP) of 3,5-dimethyl-2-adamantyl-1H-pyrazole (108) (Scheme 40). At 600°C only 
the product 109 was found, but no yield was given. The spectroscopic characterization of the 
claimed product, especially 13C NMR data, is not plausible. The same is true for the proposed 
reaction mechanism involving N–N bond cleavage and formation of 2H-azirine 
intermediates,[68] that does not explain the tandem rearrangement of a stable aromatic 
compound to an anti-aromatic small-ring heterocycle with considerable ring strain. 
Furthermore, 1H-azirines with comparable substitution are known to be highly reactive and 











108 109  
Scheme 40: Formation of 1H-azirine postulated by ELGUERO et al.[67] 
 
FVP of the pyrazole 108 was repeated to check the postulated results. Between 500°C and 
620°C furnace temperature the starting material was recovered quantitatively. At 700°C and 
730°C pyrazole 108 was reisolated (84% and 31%) next to a complicated mixture of products 
decreasing in yield (about 39% of the educt mass) with no trace of 1H-azirine 109. FVP at 
775°C and 850°C lead to complete decomposition of the starting compound and only low 
amounts of the complex mixture of products were found.  
 
NARASAKA[70] and co-workers reported on the formation of a stable 1H-azirine from 2-
bromoallyl-thiourea (110) via intramolecular, nucleophilc substitution on a sp2-hybridized 
carbon. This 1H-azirine 111 is said to withstand high temperatures (120°C in 1,3-dimethy-2-
imidazolidinone), aqueous work-up and chromatographic purification on silica (Scheme 41). 
Also trace amounts of 5-methyl-thiazole 112 were found. Unfortunately, the authors gave no 




Scheme 41: Formation of 1H-azirine postulated by NARASAKA et al.[70] 
 
This chemistry was also reinvestigated. Synthesis of the thiourea 110 from the literature 
known bromo derivative of thiocyanate 113[71],[72] by [3,3]-sigmatropic rearrangement 
followed by addition of secondary amine 114 was achieved in a two-step procedure in 56% 
overall yield (Scheme 42). When subjected to the reported conditions, formation of 
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5-methylthiazole 112 occurred. No other products were found. The identity of the compound 




















2. 114, CHCl3, 0°C
56% o2s
113 114  
Scheme 42: Cyclization of thiourea 110 and reference syntheses. 
 
A more obvious synthetic strategy, nucleophilic substitution of 2,3-dibromo-1-propene 
(115)[72] by thiourea 116[73] lead to the formation of isothiourea hydrobromide 117 via S-
alkylation (Scheme 43).[74] Isolation of the free isothiourea base was possible, but the neat 
substance tends to rapid, highly exothermic decomposition. Subjecting the hydrobromide to 
the reported conditions afforded the expected 4-methylthiazole 118[75] in 59% yield as well as 
side product 119 in 8% yield. Lower yields were achieved with the free isothiourea base. The 
side product was identified as 5,5'-methylene bis(N-benzyl-N,4-dimethylthiazol-2-amine).  Its 
formation might be explained by an electrophilic, aromatic substitution reaction with 
formaldehyde from thermally decomposed DMI.[76] Both products were synthezised for 
comparison by HANTZSCH synthesis[71] and condensation with formalin. 
 
 
Scheme 43: Cyclization of isothiourea hydrobromide 117. 
  
 54 
It appears NARASAKA et al. probably assigned the unlikely structure of 1H-azirine 111 to 
thiazole 112, the found yield is virtually identical to the reported one. Considering the 
reported side product, it cannot be ruled out that thiazoles 118 and 119 were mistaken for 111 
and 112. These results were published in Tetrahedron Lett. 2013, 54, 6185–6188.[71] 
 
3.5.2. Reaction of Electron-rich 2-Amino-1,3-thiazoles with Formalin 
 
Reference Synthesis of Methylenebisthiazole 119 by Condensation of 4-Methyl-2-
aminothiazole 118: The previously mentioned finding of methylenebisthiazole 119[71] was 
proposed to be caused by unintended reaction of 4-methylthiazole 118 with formaldehyde. 
The electrophilic reagent was probably released from the used solvent DMI at high 
temperatures. The direct synthesis according to a literature known procedure[76a] with slightly 
altered, acidic reaction conditions proved this assumption. The methylenebisthiazole 119 was 
synthesized in 55% yield only from the thiazole salt 120 and formalin (37% aqueous solution 
of formaldehyde). A small part of the primary formaldehyde adduct reacted with 
formaldehyde stabilizing agent MeOH in an etherification reaction to form ether 121 in 11% 
yield (Scheme 44). 
 
 
Scheme 44: Reference synthesis of methylenebisthiazole 119. 
 
Prins-type Dioxane Ring Formation Reaction on 5-Methyl-2-aminothiazoles: After 
electrophilic addition of formaldehyde to 4-methylthiazoles, the positively charged 4-position 
is sterically demanding and electronically stabilized by the methyl group. Therefore 
deprotonation is favoured, in order to rearomatize the heterocyclic system. The resulting 
arylmethanol species is able to participate in a second electrophilic, aromatic substitution. In 












































Scheme 45: Prins-type dioxane ring formation. 
 
PRINS reaction on olefins is well investigated.[77],[78] The outcome of this reaction strongly 
depends on the reaction conditions. The products may be homoallylic alcohols, 1,3-diols or 
1,3-dioxanes next to others. Such reactivity on aromatic substrates under classical PRINS 
conditions was not observed so far. Only HARMAN and co-workers[79] reported a method of 
generating functionalized 2,3-dihydrofuran transition metal complexes, including a series of 
dihydrofurodioxine complexes Unfortunately, all attempts to oxidatively demetalate the 
dihydrofuranes were unsuccessful and isolation and characterization of the organic products 
was impossible. 
 
The positiv charge primary formaldehyde adduct (Scheme 45, intermediate A) is exposed to 
nucleophilic attack by a second equivalent formaldehyde. Subsequent ring-closure by 
nucleophilic attack leads to loss of aromaticity and formation of dioxane ring-fused cyclic 
isothiourea scaffold 122 (Table 14). The relative stereochemistry was determined by NOESY 
experiments and single-crystal X-ray diffraction on the picrate salt of 122c, only one 








Table 14: Preparation of dioxanes 122. 
 
 
thiazole R R’ t [h] 122 yield (%) 
112 Me Bn 2a a 66 
25b Et Et 5 b 69 
70a i-Pr p-Tol 5 c 68 
70b i-Pr PMP 5 d 72 
a Prolonged reaction time lead to cleavage of the dioxane ring. 
 
 
Figure 23: ORTEP diagram (45% ellipsoid probability) of the molecular structure of 122c ((3aS,7aR)-
enantiomer of the picrate salt). Hydrogen bond was found between H(1N) and O(3) with 1.88(2) Å length and 
172(3)° bond angle. 
 
The Prins-type dioxane ring formation on N-benzyl-N,4,5-trimethylthiazol-2-amine (123)[80] 
failed under both acidic conditions (A and B, Scheme 46). In acetic acid the thiazole 123 was 
completely decomposed. 123 could be isolated unchanged from the reaction mixture in 





Scheme 46: Attempted Prins-type dioxane ring formation on 4,5-dimethylthiazol-2-amine 123. 
 
Ring Formation on 5-Alkyl-2-methylthiazoles: To determine the versatility of the found 
Prins-type dioxane formation on aromatic heterocycles, several sulfur containing five-
membered heterocycles were subjected to classical PRINS conditions (Scheme 47). 2,5-
Dimethylthiophene (125a) only gave the literature known 3,4-dihydroxymethylated 
product.[81] Obviously the thiazole ring is vital for the desired formaldehyde reaction. The 2-
methyl thiazole 125b was synthesised over four steps according to literature.[82] It was found 
that the hydroxy function is not tolerated and mainly leads to unwanted acetal products, 
therefore the hydroxyl group was methylated. The methyl ether 125c also did not give the 
PRINS product and survived the reaction conditions unchanged. 2-Methoxy-5-methylthiazole 
(125d)[12a] was completely decomposed, whereas 2-isopropylsulfanyl-5-methylthiazole 
(125e)[22] was recovered. These results prove the 2-amino group evidently essential for this 
reaction. A reason for this could be the formation of energetically favourable isothiourea 













  X  R  R' 
a: CH  Me  Me 
b: N  Me  (CH2)2OH 
c: N  Me  (CH2)2OMe 
d: N  OMe  Me 
e: N  S(i-Pr)  Me 





The first objective of this work was to assemble a reliable solution-spray FVP setup for the 
generation of low or non-volatile allenyl isothiocyanates like 17h. Allenyl isothiocyanates 
with new functional groups will increase diversity of the subsequent chemistry. 
The solution-spray technique was optimized using oil nozzles from regular heating 
installations with low flow-rates of 2.5 to 3.3 mL/min (source: Fluidics Instruments BV®) 
(Figure 24).  
 
 
Figure 24: Solution-spray set-up. 
 
It was successfully applied in the synthesis of allenyl isothiocyanates on preparative scale 
previously generated by normal FVP with equal conversions and yields. The influence of 
flow-rates, spray angles, pressure, reaction temperature, solvent properties and packing 
material (RASCHIG rings) on the spray generation and yields was investigated. The results 
were used to synthesize 6-bromo-3-isothiocyanatohexa-1,2-diene by [3,3]-sigmatropic 





Scheme 48: SS-FVP of propargyl thiocyanate 16h. 
 
Furthermore, the parent compound propa-1,2-dienyl isothiocyanate was reacted with various 
primary and secondary amines to form new 2-amino-1,3-thiazoles.  
N-Thiazolyl-2-imino-1,3-thiazolines 35 were synthesized alongside the simple 2-amino-1,3-
thiazoles 68 from anilines 67 (Scheme 49).  
 
 
Scheme 49: Synthesis of 2-amino-1,3-thiazoles 68 and 2-iminothiazolines 35. 
 
Sterically hindered, secondary N-isopropylamines 28 and 69 as well as triacetonamine 
derivatives 73 were found to be very good nucleophiles despite their partially exceptional 
steric demand. A few highlights are given in Scheme 50. The synthesis of 74a was already 






































Scheme 50: Reaction of allene 17a with secondary amines. 
 
Hydrazine synthon N-aminophthalimide (75) did not react with cleavage of the N–N bond 
after thiazole formation. Instead the N,N-bisthiazole derivative 76b was formed (Scheme 51). 
This outcome was quite surprising considering the reactivity of primary amines with 17a. 
This is the first example of a 2-amino-1,3-thiazole to react with the exocyclic amine function 
and not with the ring nitrogen. The structure was proven by single-crystal X-ray diffraction 
and was published in the European Journal of Organic Chemistry 2014, 2899–2906. 
 
 




The development of multi-component reactions with allenyl isothiocyanate as amphoteric 
species was the second objective of this work. This approach to novel, highly substituted 2-







































Scheme 52: Synthesis of three-component products. 
 
β-Nitrostyrene (82) and benzaldehydes 84 were found to be suitable electrophiles for catalyst-
free four-centre three-component reactions (4C-3CRs). Best yields and a pseudo-four-
component reaction (pseudo-4CR) were achieved with the activated imine N-
benzylidenebenzenesulfonamide (106) (Figure 25). 
 
 





The formation of an alternative 3CR product with highly substituted 1,3-thiazine structure 
was explained with the following reaction mechanism (Scheme 53). The influence of reaction 
temperature, concentration and solvent on the yield of 91 was determined. A maximum NMR 
yield of 29% was achieved in MeCN at –40°C. The compound polymerized readily with 
excessive allenyl isothiocyanate 17a in the reaction mixture which decreased the isolated 
yield to 4%. 
 
 
Scheme 53: Proposed reaction mechanisms leading to the formation 91. 
 
Furthermore it was shown, that 2-amino-5-methyl-1,3-thiazoles undergo Prins-type 1,3-
dioxane ring-formation with formaldehyde (Scheme 54). This type of electrophilic addition is 












































Scheme 54: Prins-type dioxane ring formation on aromatic substrates. 
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5. Experimental Part 
5.1. General Methods 
NMR spectra were recorded with an UNITY INOVA 400 NMR spectrometer (400 MHz) 
from VARIAN (frequencies: 399.9 MHz for 1H and 100.6 MHz). Chemical shifts δ in ppm 
are referenced on residual solvent signals (CDCl3: 7.26 ppm for 1H and 77.00 ppm for 13C; 
DMSO-d6: 2.50 ppm for 1H and 39.50 ppm for 13C) or on tetramethylsilane (0.00 ppm for 1H 
and 13C). Multiplicities are indicated by s (singulet), d (doublet), t (triplet), q (quartet), quint 
(quintet), m (multiplet), mC (symmetrical multiplet) and br (broad signal). Multiplicities in 
decoupled 13C NMR spectra were determined by DEPT135 experiments. All experiments 
were carried out at room temperature (20–25°C), if not noted otherwise. Spectra were plotted 
with MestReNova V6.0.2. 
IR spectra were recoded with FT-IR spectrometers IFS 28 from BRUKER or Nicolet iS5 
from THERMO FISHER SCIENTIFIC in solution (in tetrachloromethane or deuterated 
chloroform if necessary) or in KBr pellets. IR data are given in cm–1. Relative intensities are 
described as w (weak), m (medium), s (strong) and br (broad band). 
Mass spectra were recorded on a micrOTOF QII spectrometer from BRUKER. 
Quantitative elementary analyses were performed on a Vario Micro Tube from 
ELEMENTAR ANALYSENSYSTEME GMBH HANAU. 
Melting points were determined with a BOETIUS apparatus from PENTAKON DRESDEN. 
The values were not corrected. 
X-ray diffraction was performed in the group of Inorganic Chemistry at Chemnitz University 
of Technology on an X-ray diffractometer Gemini S from OXFORD DIFFRACTION by 
Dipl.-Chem. MARCUS KORB. Structures were solved by direct methods with SHELXTL-NT 
V5.1 program package and plotted with program ORTEP-3. 
Calorimetry was performed in the group of Technical Chemistry at Chemnitz University of 
Technology by Dipl.-Chem. RENÉ SCHMIDT on a Reaction Calorimeter RC1e from 
METTLER-TOLEDO. 
Thin layer chromatography was performed on 0.2 mm silica fails from POLYGRAM® SIL 
G/UV254 with fluorescence indicator from MACHERY-NAGEL. Spots were visualized by 
UV light and KMnO4 staining solution. 




5.2. Synthesis of 6-Bromo-1-thiocyanatohex-2-yne (17h) 
6-Bromohex-2-yn-1-ol (64): A solution of commercially available, protected propargyl 
alcohol 62 (3.00 mL, 3.00 g, 21.4 mmol) and HMPA (4.98 g, 27.8 mmol) in anhydrous THF 
(50 mL) was cooled to –110°C and n-BuLi (10.3 mL, 25.7 mmol, 2.5 M in hexane) was added 
drop-wise. The mixture was allowed to warm up to –30°C and stirred for 45 min at this 
temperature. Then 1,3-dibromopropane (63) was added drop-wise, so that the temperature did 
not rise above –30°C. The mixture was stirred for 1 h, allowed to thaw and stirred overnight 
at room temperature. The reaction mixture was then acidified with conc. HCl, washed with 
H2O (75 mL), aqueous NH4Cl (75 mL) and again with H2O (75 mL). The aqueous phases 
were extracted three times with ether (75 mL) and the combined organic layers were dried 
over anhydrous MgSO4. After concentration under reduced pressure, the residual educts were 
removed by vacuum distillation (62°C, 10 mbar). Flash chromatography (Et2O/n-hexane 1/3 




64 – TLC: Rf = 0.12 (Et2O/n-hexane 1:3). – 1H NMR (400 MHz, CDCl3): δH = 1.57 (t, 
3J = 6.5 Hz, 1H, OH), 2.04 (quint, 3J = 6.5 Hz, 2H, CH2CH2CH2), 2.42 (tt, 3J = 6.5 Hz, 
5J = 2.0 Hz, 2H, CH2C≡C), 3.52 (t, 3J = 6.5 Hz, 2H, BrCH2), 4.25 (dt, 3J = 6.5 Hz, 
5J = 2.0 Hz, 1H, CH2OH) ppm. – 13C NMR (100 MHz, CDCl3): δC = 17.40 (t, CH2CH2C≡C), 
31.24 (t, BrCH2), 32.30 (t, CH2CH2CH2), 51.30 (t, CH2OH), 79.39 (s, C≡CCH2OH), 84.28 (s, 
CH2CH2C≡C) ppm. Assignment by gHMBCAD. – IR (CCl4): ṽ = 3622 (s), 2943 (m), 
2872 (m), 2222 (w), 1012 (s) cm–1. – C6H9BrO (177.04): calcd. C 40.71, H 5.12; found C 
40.27, H 5.09%. 
 
1,6-Dibromohex-2-yne (65): Under a nitrogen atmosphere a mixture of alcohol 64 (575 mg, 
3.25 mmol) and pyridine (26 mg, 0.33 mmol) in Et2O (10 mL) was cooled to 0°C. PBr3 
(581 mg, 2.15 mmol) was added drop-wise and the reaction mixture was slowly heated to 
reflux for 3 h. After cooling to room temperature, the reaction mixture was diluted with Et2O 
to a total volume of 50 mL and washed with 5% aqueous NaHCO3 solution (3 x 30 mL). The 
organic layer was then dried over anhydrous MgSO4, filtered and the solvent was removed in 






65 – TLC: Rf = 0.66 (Et2O/n-hexane 1:3). – 1H NMR (400 MHz, CDCl3): δH = 2.04 (quint, 
3J = 6.5 Hz, 2H, CH2CH2CH2), 2.45 (tt, 3J = 6.5 Hz, 5J = 2.0 Hz, 2H, CH2C≡C), 3.50 (t, 
3J = 6.5 Hz, 2H, BrCH2CH2), 3.91 (t, 5J = 2.0 Hz, C≡CCH2Br) ppm. – 13C NMR 
(100 MHz, CDCl3): δC = 15.24 (t, C≡CCH2Br), 17.62 (t, CH2CH2C≡C), 31.07 (t, 
BrCH2CH2), 32.18 (t, CH2CH2CH2), 76.41 (s, C≡CCH2Br), 85.81 (s, CH2CH2C≡C) ppm. 
Assignment by comparison. – IR (CCl4): ṽ = 2964 (m), 2911 (w), 2841 (w), 2237 (m), 
1210 (s) cm–1. – HR MS (ESI): calcd. for: C6H8Br2 ([M-Br]+): 158.9804 and 160.9783, found 
158.9754 and 160.9757. 
 
6-Bromo-1-thiocyanatohex-2-yne (16h): To a solution of the dibromide 65 (445 mg, 
1.86 mmol) in MeOH (20 mL) was added NH4SCN (177 mg, 2.32 mmol). The mixture was 
stirred for 24 h at room temperature. After removal of the solvent under reduced pressure, the 
residue was dissolved in H2O (50 mL) and extracted Et2O (3 x 50 mL). The combined organic 
layers were dried over anhydrous MgSO4 and concentrated in vacuo. Flash column 
chromatography with Et2O/n-hexane (1:4 to 1:2, v/v) gave thiocyanate 16h (349 mg, 1.60 




16h – TLC: Rf = 0.40 (Et2O/n-hexane 1:3). – 1H NMR (400 MHz, CDCl3): δH = 2.07 (quint, 
3J = 6.5 Hz, 2H, CH2CH2CH2), 2.46 (tt, 3J = 6.5 Hz, 5J = 2.5 Hz, 2H, CH2C≡C), 3.53 (t, 
3J = 6.5 Hz, 2H, BrCH2), 3.74 (t, 5J = 2.5 Hz, CH2SCN) ppm. – 13C NMR 
(100 MHz, CDCl3): δC = 17.48 (t, CH2CH2C≡C), 23.52 (t, CH2SCN), 31.01 (t, BrCH2), 32.09 
(t, CH2CH2CH2), 73.06 (s, C≡CCH2SCN), 86.54 (s, CH2CH2C≡C), 111.03 (s, SCN) ppm. 
Assignment by comparison. – IR (CCl4): ṽ = 2966 (m), 2844 (w), 2238 (w), 2160 (m), 1549 
(m), 1240 (s) cm–1. – HR MS (ESI): calcd. for: C7H8NSBr ([M+Na]+): 239.9453 and 




Solution-Spray Flash Vacuum Pyrolysis and Workup (General Procedure): Solution-
spray flash vacuum pyrolyses were usually carried out in the scale of 0.5–1.5 g propargyl 
thiocyanate. The starting material was dissolved in 80–250 mL solvent. A mixture of THF 
and n-hexane was chosen for adjusting reasonable solubility of educts and products and 
thermal stability. Scale-up was only limited by the volume capacity of the cooling trap. The 
solution was heated to approximately 5 K below its boiling point (60–65°C) in a three-necked 
round-bottom flask equipped with reflux condenser, nitrogen gas inlet and Teflon tube outlet. 
The latter is connected to the injector unit fitted to a glass tube (about 50 x 3,3 cm), arranged 
horizontally in a tube furnace and filled with RASCHIG rings (5 x 5 mm, heat-dried in vacuo) 
only in the middle third of the tube (hot zone). A cold trap with internal cold finger cooled 
with liquid nitrogen was connected to the other end of the glass tube, followed by an 
additional, conventional cold trap and a rotary vane vacuum pump. The final vacuum was 
self-regulated around 0.05 mbar. Pyrolysis temperature was found to be optimal at 425°C.  
 
WARNING! Synthesis and handling of allenyl isothiocyanates carry the risk of highly 
exothermic and vigorous polymerization. Measures of precaution must always be taken. 
The produced solutions of allenyl isothiocynates could be handled conveniently. Purification 
by flash chromatography was easily performed after concentration of the solution under 
reduced pressure. 
 
6-Bromo-3-isothiocyanatohexa-1,2-diene (17h): SS-FVP of 6-bromo-1-thiocyanatohex-2-
yne (16h) (349 mg, 1.60 mmol in 75 mL THF/n-hexane 1:1, v/v) was performed according to 
the general procedure described above. The crude product solution contained 6-bromo-3-
isothiocyanatohexa-1,2-diene (17h) (234 mg, 1.07 mmol, 67%) and the starting material 16h 
(114 mg, 0.52 mmol, 33%). Yields were determined by 1H NMR analysis with naphthalene as 
external standard. Flash chromatography (Et2O/n-hexane 1/20 to 1/10, v/v) gave 17h (216 mg, 




17h – TLC: Rf = 0.45 (n-hexane) – 1H NMR (400 MHz, CDCl3): δH = 2.06 (quint, 
3J = 6.5 Hz, 2H, 5-H), 2.40 – 2.49 (m, 2H, 4-H), 3.45 (t, 3J = 6.5 Hz, 2H, 6-H), 5.31 (t, 
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3J = 2.0 Hz, 2H, 1-H) ppm. – 13C NMR (100 MHz, CDCl3): δC = 29.30 (t, C-5), 31.88 (t, C-
4/6), 31.95 (t, C-6/4), 84.71 (t, C-1), 102.88 (s, C-3), 136.14 (s, SCN), 207.46 (s, C-2) ppm. 
Assignment by gHSQCAD. – IR (CCl4): ṽ = 3019 (m), 2964 (m), 2093 (s, br, NCS), 
1437 (m), 1216 (s) cm–1. 
5.3. Synthesis of 1,6-Dithiocyanatohexa-2,4-diyne (16i) 
PPh3 (24.24 g, 92.2 mmol) was dissolved in anhydrous DCM (250 mL) and cooled to 0°C. 
After drop-wise addition of Br2 (4.75 mL, 14.77 g, 92 mmol), hexa-2,4-diyne-1,6-diol (66a) 
(4.23 g, 38.5 mmol) was added in small portions to the reaction mixture and stirred for 1 h at 
0°C. The mixture was allowed to warm up to room temperature and stirred for an additional 
hour. The reaction was quenched with 3% aqueous Na2S2O3 (200 mL), and the aqueous phase 
was extracted two times with DCM (150 mL). The solvent was removed under reduced 
pressure and the residue dissolved in Et2O/n-hexane 1/3. This solution was filtered through 
silica and dried over anhydrous MgSO4. Concentration in vacuo and flash chromatography 
(Et2O/n-hexane 1/5, v/v) gave 9.40 g of crude 1,6-dibromohexa-2,4-diyne (66b) as a pale 
yellow oil, which is suitable for further conversion.[10] To a solution of the dibromide 66b in 
MeOH (100 mL) NH4SCN (11.62 g, 152 mmol) was added and stirred for 24 h at room 
temperature. After removal of the solvent under reduced pressure the residue was dissolved in 
H2O (100 mL) and extracted three times with diethyl ether (100 mL). The combined organic 
layers were dried over anhydrous MgSO4 and concentrated in vacuo. Flash chromatography 
(Et2O/n-hexane 1/2 to 2/1, v/v) followed by recrystallization from CHCl3 gave 16i (4.700 g, 




66b – 1H NMR (400 MHz, CDCl3): δH = 3.97 (s, 4H) ppm. – 13C NMR (100 MHz, CDCl3): 
δC = 13.78 (t, 2C, CH2), 70.29 (s, 2C, C≡C), 75.13 (s, 2C, C≡C) ppm. 
 
16i – TLC: Rf = 0.21 (Et2O/n-hexane 1:1). – mp 86–88°C – 1H NMR (400 MHz, CDCl3): 
δH = 3.85 (s, 4H) ppm. – 13C NMR (100 MHz, CDCl3): δC = 23.49 (t, 2C, CH2), 70.50 (s, 2C, 
C≡C), 72.11 (s, 2C, C≡C), 110.17 (s, 2C, SCN) ppm. – IR (KBr): ṽ = 2977 (m), 2391 (w), 
2361 (w), 2154 (s) cm–1. – C8H4N2S2 (192.26): calcd. C 49.98, H 2.10, N 14.57; found C 
49.72, H 2.10, N 14.49%. 
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5.4. Syntheses of 2-Amino-1,3-thiazoles 68 and 2-Imino-1,3-thiazolines 35 
General Procedure 1 (GP-1): Preparation of 2-aminothiazoles 68 and 2-imino-1,3-
thiazolines 35: To a solution of 17a (1.5 eq) in anhydrous THF (0.3 M) at room temperature 
was added appropriate amine (1.0 eq). After stirring for 48 h, the solvent was removed under 
reduced pressure. The crude product was purified by flash chromatography (Et2O/n-hexane). 
 
N-[5,5'-Dimethyl-2'H-(2,3'-bithiazol)-2'-ylidene]aniline (35a): According to GP-1, aniline 
(67a) (0.07 mL, 75 mg, 0.80 mmol, 1.0 eq) was reacted with allenyl isothiocyanate (17a) 
(117 mg, 1.20 mmol, 1.5 eq) in anhydrous THF (2 mL). Chromatography (Et2O/n-hexane 1/3 









35a – TLC: Rf = 0.55 (Et2O/n-hexane 1:2). – mp 90–91°C (Et2O/n-hexane). – 1H NMR 
(400 MHz, CDCl3): δH = 2.17 (d, 4J = 1.0 Hz, 3H, CH3), 2.42 (s, 3H, CH3), 7.09–7.17 (m, 
4H, arom. H), 7.38 (t, J = 8.0 Hz, 2H, CHmeta), 7.54 (d, 4J = 1.0 Hz, 1H, CH=CCH3) ppm. – 
13C NMR (100 MHz, CDCl3): δC = 11.48 (q, CH3), 13.50 (q, CH3), 113.75 (s, CH=CCH3), 
119.10 (d, CH=CCH3), 121.13 (d, Cortho), 123.93 (d, Cpara), 128.65 (s, CH=CCH3), 129.43 (d, 
Cmeta), 134.40 (d, CH=CCH3), 149.12 (s, Cipso), 153.03 (s, NCS), 154.95 (s, NCS) ppm. – IR 
(KBr): ṽ = 3107 (m), 3054 (m), 2917 (m), 2855 (m), 1644 (s), 1616 (s), 1590 (s), 1480 (s), 
1354 (s), 827 (m), 763 (m), 696 (m) cm–1. – HR MS (ESI): calcd. for: C14H13N3S2 ([M+H]+): 
288.0624, found 288.0623; ([M+Na]+): 310.0443, found 310.0436. 
 
N-(2,6-Dimethylphenyl)-5-methylthiazol-2-amine (68b) and 2,6-Dimethyl-N-[5-methyl-3-
(5-methylthiazol-2-yl)thiazol-2(3H)-ylidene]aniline (35b): According to GP-1, 2,6-
dimethylaniline (67b) (0.12 mL, 121 mg, 1.00 mmol, 1.0 eq) was reacted with allenyl 
isothiocyanate (17a) (145 mg, 1.50 mmol, 1.5 eq) in anhydrous THF (2 mL). 
Chromatography (Et2O/n-hexane 1/4 to 1/2, v/v) gave 68b (63 mg, 0.29 mmol, 29%) as 
colorless, crystalline solid and 35b (63 mg, 0.20 mmol, 27%, based on allene) as a pale 
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68b – TLC: Rf = 0.19 (Et2O/n-hexane 1:2). – mp 115°C (DCM/n-hexane). – 1H NMR 
(400 MHz, CDCl3): δH = 2.21 (d, 4J = 1.0 Hz, 3H, 5’-CH3), 2.33 (s, 6H, 2,6-CH3), 6.75 
(poorly resolved q, 4J = 1.0 Hz, 1H, CH=CCH3), 7.13–7.15 (m, 3H, arom. H) ppm. NH 
missing. – 13C NMR (100 MHz, CDCl3): δC = 11.89, (q, 5’-CH3), 18.13 (q, 2,6-CH3), 121.00 
(s, C-5’), 127.38 (d, C-4), 128.70 (d, C-3,5), 135.41 (C-4’), 136.68 (s, C-2,6), 138.17 (s, C-1), 
169.71 (s, NCS) ppm. – IR (CCl4): ṽ = 3404 (w), 3170 (m), 3054 (m), 2920 (s), 2858 (s), 
1568 (m), 1528 (m), 1475 (s), 1439 (s), 1309 (m), 1153 (s) cm–1. – HR MS (ESI): calcd. for: 












35b – TLC: Rf = 0.31 (Et2O/n-hexane 1:2). – mp 131–132°C (Et2O/n-hexane). – 1H NMR 
(400 MHz, CDCl3): δH = 2.13 (d, 4J = 1.0 Hz, 3H, CH3), 2.16 (s, 6H, 2,6-CH3), 2.42 (s, 3H, 
CH3), 6.96 (t, J = 8.0 Hz, 1H, 4-H), 7.17 (q, 4J = 1.0 Hz, 1H, CH), 7.50 (q, 4J = 1.0 Hz, 1H, 
CH), 7.90 (d, J = 8.0 Hz, 2H, 3,5-H) ppm. – 13C NMR (100 MHz, CDCl3): δC = 11.48 (q, 
CH3), 13.57 (q, CH3), 17.78 (q, 2,6-CH3), 114.23 (s, CCH3), 119.17 (d, CH), 123.76 (d, C-4), 
128.34 (d, C-3,5), 128.44 (s, CCH3), 128.78 (d, C-2,6), 134.38 (d, CH), 147.73 (s, C-1), 
153.33 (s, NCS), 155.14 (s, NCS) ppm. – IR (KBr): ṽ = 3108 (m), 2914 (m), 2855 (m), 
1646 (s), 1621 (s), 1585 (s), 1486 (s), 1354 (s), 830 (m), 769 (m) cm–1. – HR MS (ESI): calcd. 
for: C16H17N3S2 ([M+H]+): 316.0942; found 316.0928. 
  
 70 
N-(4-Methoxyphenyl)-5-methylthiazol-2-amine (68c) and N-[5,5'-Dimethyl-2'H-(2,3'-
bithiazol)-2'-ylidene]-4-methoxyaniline (35c): According to GP-1, anisidine (67c) (99 mg, 
0.80 mmol, 1.0 eq) was reacted with allenyl isothiocyanate (17a) (117 mg, 1.20 mmol, 1.5 eq) 
in anhydrous THF (2 mL). Chromatography (Et2O/n-hexane 1/2, v/v) gave 68c (107 mg, 




68c – TLC: Rf = 0.13 (Et2O/n-hexane 1:2). – mp 98–99°C (Et2O/n-hexane). – 1H NMR 
(400 MHz, CDCl3): δH = 2.30 (s, 3H, CH=CCH3), 3.80 (s, 3H, OCH3), 6.86 (s, 1H, 
CH=CCH3), 6.89 (d, J = 9.0 Hz, 2H, 3,5-H), 7.25 (d, J = 9.0 Hz, 2H, 2,6-H) ppm. NH missing. 
– 13C NMR (100 MHz, CDCl3): δC = 11.87, (q, CH=CCH3), 55.52 (q, OCH3), 114.63 (d, C-
3,5), 120.96 (s, CH=CCH3), 121.14 (d, C-2,6), 134.38 (s, C-1), 135.11 (d, CH=CCH3), 155.81 
(s, C-4), 166.33 (s, NCS) ppm. – IR (KBr): ṽ = 3106 (m), 2997 (m), 2953 (m), 2914 (m), 
2831 (m), 1643 (m), 1610 (s), 1506 (m), 1479 (s), 1357 (s), 839 (m) cm–1. 




35c – TLC: Rf = 0.44 (Et2O/n-hexane 1:2). – mp 136°C (Et2O/n-hexane). – 1H NMR 
(400 MHz, CDCl3): δH = 2.17 (s, 3H, CH=CCH3), 2.41 (s, 3H, CH=CCH3), 3.82 (s, 3H, 
OCH3), 6.92 (d, J = 8.5 Hz, 2H, 3,5-H), 7.08 (d, J = 8.5 Hz, 2H, 2,6-H), 7.15 (s, CH=CCH3), 
7.52 (s, CH=CCH3) ppm. – 13C NMR (100 MHz, CDCl3): δC = 11.50 (q, CH=CCH3), 13.56 
(q, CH=CCH3), 55.48 (q, OCH3), 113.65 (s, CCH3), 114.64 (d, 3,5-CH), 119.05 (d, 
CH=CCH3), 122.04 (d, 2,6-CH), 128.44 (s, CCH3), 134.35 (d, CH=CCH3), 142.43 (s, C-1), 
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152.59 (s, NCS/C-4), 155.03 (s, NCS/C-4), 156.20 (s, NCS/C-4) ppm. Assignment by 
comparison. – IR (KBr): ṽ = 3030 (m), 2951 (s), 2831 (s), 1615 (s), 1572 (s), 1511 (s), 
1456 (s), 828 (m), 786 (m) cm–1. – C15H15N3OS2 (317.43): calcd. C 56.76, H 4.76, N 13.24, S 
20.20 ; found C 56.30 H 4.76, N 13.15, S 20.50%. 
 
2,6-Dimethoxy-N-[5-methyl-3-(5-methylthiazol-2-yl)thiazol-2(3H)-ylidene]aniline (35d): 
1-Isothiocyanatopropa-1,2-diene (17a) (10% in dry THF, 243 mg, 2.50 mmol) was added to 
2,6-dimethoxyaniline (67d) (153 mg, 1.00 mmol) in MeOH (10 mL) at room temperature. 
After 48 h of stirring, the solvent was removed under reduced pressure. The residue was 
purified by flash column chromatography with Et2O/n-hexane (1:4, v/v) to yield 35d (300 mg, 
0.86 mmol, 86%) as a colorless solid. Recrystallization was done from DCM/n-hexane to 




















35d – TLC: Rf = 0.27 (Et2O/n-hexane 1:4). – mp 203°C (DCM/n-hexane). – 1H NMR 
(400 MHz, CDCl3): δH = 2.13 (d, 4J = 1.5 Hz, 3H, 5’-CH3), 2.39 (d, 4J = 1.0 Hz, 3H, 5’’-
CH3), 3.80 (s, 6H, OCH3), 6.64 (d, 3J = 8.5 Hz, 2H, C-3,5), 7.04 (t, 3J = 8.5 Hz, 1H, C-4), 
7.14 (q, 4J = 1.0 Hz, 1H, 4’’-H), 7.46 (q, 4J = 1.5 Hz, 1H, 4’-H) ppm. – 13C NMR 
(100 MHz, CDCl3): δC = 11.53 (q, 5’’-CH3), 13.51 (q, 5’-CH3), 56.37 (q, OCH3), 105.57 (d, 
C-3,5), 114.65 (s, C-5’), 118.92 (d, C-4’), 124.26 (d, C-4), 128.14 (s, C-1), 128.45 (s, C-5’’), 
134.21 (d, C-4’’), 151.81 (s, C-2,6), 155.28 (s, NCS), 155.14 (s, NCS) ppm. – IR (KBr): ṽ = 
3119 (m), 2918 (m), 2834 (m), 1645 (s), 1618 (s), 1582 (s), 1475 (s), 1356 (s) cm–1. 
Assignment by gHMBCAD. – C16H17N3O2S2 (347.46): calcd. C 55.31, H 4.93, N 12.09, S 





5.5. Syntheses of N-Isopropyl-1,3-thiazol-2-amines 70 
N-Isopropyl-5-methyl-N-p-tolylthiazol-2-amine (70a): N-Isopropyl-p-toluidine (69a) (300 
mg, 2.01 mmol, 1.0 eq) was added to a solution of allene 17a (293 mg, 3.02 mmol, 1.5 eq) in 
anhydrous THF (5 mL) at 0°C and stirred for 30 min. The mixture was then allowed to warm 
up to room temperature and stirred for further 4 h. Flash column chromatography (Et2O/n-




70a – TLC: Rf = 0.40 (Et2O/n-hexane 1:2). – 1H NMR (400 MHz, CDCl3): δH = 1.18 (d, 
3J = 7.5 Hz, 6H, CH(CH3)2), 2.17 (d, 4J = 1.5 Hz, 3H, 5-CH3), 2.40 (s, 3H, 4’-CH3), 4.82 
(sept, 3J = 7.0 Hz, 1H, CH(CH3)2), 6.80 (q, 4J = 1.5 Hz, 3H, 4-H), 7.25 (d, J = 9.0 Hz, 2H, 
arom.), 7.46 (d, J = 9.0 Hz, 2H, arom.) ppm. – 13C NMR (100 MHz, CDCl3): δC = 11.77 (q, 
5-CH3), 20.95 (q, CH(CH3)2), 21.20 (q, 4’-CH3), 50.46 (d, CH(CH3)2), 120.70 (s, C-5), 
130.40 (d, CH arom.), 130.61 (d, CH arom.), 135.58 (d, 4-CH), 138.26 (s, C-1’/4’), 138.92 (s, 
C-1’/4’), 170.70 (s, N=CS) ppm. – IR (CCl4): ṽ = 2975 (m), 2920 (m), 1509 (s), 1303 (m), 
1161 (m) cm–1. – HR MS (ESI): calcd. for: C14H18N2S ([M+H]+): 247.1263, found 247.1282; 
([M+Na]+): 269.1083; found 269.1099. 
 
N-Isopropyl-N-(4-methoxyphenyl)-5-methylthiazol-2-amine (70b): p-Anisidine (69b) 
(1.47 g, 8.9 mmol, 1.0 eq) was added to a solution of allene 17a (1.32 g, 13.6 mmol, 1.5 eq) in 
anhydrous THF (35 mL) at 0°C and stirred for 30 min. The mixture was then allowed to warm 
up to room temperature and stirred for further 4 h. Flash column chromatography (Et2O/n-















70b – TLC: Rf = 0.48 (Et2O/n-hexane 1:2). – 1H NMR (400 MHz, CDCl3): δH = 1.16 (d, 
3J = 7.0 Hz, 6H, CH(CH3)2), 2.17 (d, 3H, 4J = 1.5 Hz, CH=CCH3), 3.84 (s, 3H, OMe), 4.81 
(sept, 3J = 7.0 Hz, 1H, CH(CH3)2), 6.79 (q, 1H, 4J = 1.5 Hz, CH=CCH3), 6.96 (d, J = 6.5 Hz, 
2H, arom.), 7.16 (d, J = 6.5 Hz, 2H, arom.) ppm. – 13C NMR (100 MHz, CDCl3): δC = 11.79 
(q, CH=CCH3), 20.92 (q, CH(CH3)2), 50.30 (d, CH(CH3)2), 55.39 (q, OCH3), 114.84 (d, 
arom.), 120.72 (s, CH=CCH3), 132.08 (d, arom.), 134.15 (s, Cipso), 135.71 (d, CH=CCH3), 
159.29 (s, COCH3), 171.10 (s, N=CS) ppm. – IR (CCl4): ṽ = 2974 (m), 1608 (w), 1508 (s), 
1303 (m), 1246 (m), 1169 (m), 1040 (m) cm–1. – HR MS (ESI): calcd. for: C14H18N2OS 
([M+H]+): 263.1213, found 263.1211; ([M+Na]+): 285.1032; found 285.1030. 
 
N-(2,6-Dimethylphenyl)-N-isopropyl-5-methylthiazol-2-amine (70c): N-Isopropyl-2,6-
dimethylaniline (69c)[50] (230 mg, 1.41 mmol, 1.0 eq) was added to a solution of allene 17a 
(204 mg, 2.10 mmol, 1.5 eq) in anhydrous THF (5 mL) at 0°C and stirred for 9 d. Flash 




70c – 1H NMR (400 MHz, CDCl3): δH = 1.26 (d, 3J = 7.0 Hz, 6H, CH(CH3)2), 2.16 (d, 
4J = 1.5 Hz, 3H, 5-CH3), 2.21 (s, 6H, 2’,6’-CH3), 4.47 (sept, 3J = 7.0 Hz, 1H, CH(CH3)2), 6.86 
(poorly resolved q, 4J = 1.5 Hz, 1H, 4-H), 7.13 – 7.19 (m, 3H, Ar) ppm. – 13C NMR 
(100 MHz, CDCl3): δC = 11.79 (q, 5-CH3), 18.73 (q, 2’,6’-CH3), 21.16 (q, CH(CH3)2), 51.72 
(d, CH(CH3)2), 120.83 (s, CH=CCH3), 128.36 (d, C-4’), 129.09 (d, C-3’,5’), 135.34 (d, C-4), 
138.70 (s, C-2’,6’), 141.38 (s, C-1’), 169.08 (s, N=CS) ppm. – IR (CCl4): ṽ = 2972 (w), 
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2920 (w), 1705 (w), 1509 (s) cm–1. – HR MS (ESI): calcd. for: C15H20N2S ([M+H]+): 
261.1420, found 261.1425. 
 
5.6. Isomerization of PMP-protected 2-Amino-1,3-thiazole 70b 
4-[Isopropyl(4-methoxyphenylamino]-3-methylazete-2(3H)-thione (72): (Diacetoxyiodo) 
benzene (266 mg, 0.83 mmol) was dissolved in MeCN/H2O (12 mL, 2:1) and added drop-
wise to a solution of 2-aminothiazol 70b (197 mg, 0.75 mmol) in MeCN/H2O (12 mL, 2:1). 
The mixture was stirred for 20 min at room temperature, quenched with phosphate buffer 
(pH = 7.4) and extracted three times with 30 mL of ethyl acetate. The combined organic 
layers were dried over MgSO4, and the solvent was removed under reduced pressure. Column 














72 – 1H NMR (400 MHz, CDCl3): δH = 1.16 (d, 3J = 7.0 Hz, 6H, CH(CH3)2), 1.55 (d, 
3J = 7.5 Hz, 3H, CHCH3), 3.85 (s, 3H, OMe), 4.01 (q, 3J = 7.5 Hz, 1H, CHCH3), 5.23 (sept, 
3J = 7.0 Hz, 1H, CH(CH3)2), 6.95 (dd, J = 8.0 Hz, J = 1.0 Hz, 2H, arom.), 7.13 (d, br, 
J = 8.0 Hz, 2H, arom.) ppm. – 13C NMR (100 MHz, CDCl3): δC = 18.68 (q, 3-CH3), 20.77 
(q, CHCH3), 20.81 (q, CHCH3), 50.45 (d, C-3), 53.33 (d, CH(CH2)3), 55.50 (q, OCH3), 
114.50 (d, arom.), 129.43 (s, C-1’), 131.13 (d, arom.), 160.35 (s, C-4’), 182.66 (s, C=S), 
191.00 (s, C-4) ppm. Assigned by gHMBCAD and gHSQCAD. – IR (CCl4): ṽ = 2978 (w), 
2934 (w), 1711 (m), 1609 (w), 1511 (s) cm–1. – HR MS (ESI): calcd. for: C14H18N2OS 
([M+H]+): 263.1213, found 263.1242; C14H18N2OS + MeOH ([M+H]+): 295.1475, found 
295.1449. 
 
5.7. Syntheses of 2,2,6,6-Tetramethyl-1-thiazolylpiperidines 74 
2,2,6,6-Tetramethyl-1-(5-methylthiazol-2-yl)piperidin-4-one (74a): According to GP-1, 
triacetonamine (73a) (155 mg, 1.0 mmol) was reacted with allene 17a (146 mg, 1.5 mmol) in 
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anhydrous THF (3 mL). Chromatography (Et2O/n-hexane 1/3 to 1/1, v/v) gave 74a (228 mg, 








74a – TLC: Rf = 0.20 (Et2O/n-hexane 1:3). – mp 84–86°C (Et2O/n-hexane). – 1H NMR 
(400 MHz, CDCl3): δH = 1.27 (s, 12H, C(CH3)2), 2.40 (d, 4J = 1.0 Hz, 3H, CH=CCH3), 2.54 
(s, 4H, CH2C(CH3)2), 7.19 (q, 4J = 1.0 Hz, 1H, CH=CCH3) ppm. – 13C NMR (100 MHz, 
CDCl3): δC = 12.58 (q, CH=CCH3), 29.90 (q, CH2C(CH3)2), 54.90 (t, CH2), 58.70 (s, 
C(CH3)2), 132.70 (s, CH=CCH3), 136.17 (d, CH=CCH3), 166.36 (s, N=CS) 208.98 (s, CO) 
ppm. – IR (KBr): ṽ = 2999 (m), 1708 (s), 1528 (m) cm–1. – C13H20N2OS (252.13): calcd. C 
61.87, H 7.99, N 11.10, S 12.71; found C 61.49, H 7.82, N 10.87, S 12.70%. 
 
2,2,6,6-Tetramethyl-1-(5-methylthiazol-2-yl)piperidine (74b): According to GP-1, 2,2,6,6-
tetramethylpiperidine 73b) (148 mg, 1.0 mmol, 1.0 eq) was reacted with allene 17a (146 mg, 
1.5 mmol, 1.5 eq) in anhydrous THF (3 mL). Chromatography (Et2O/n-hexane 1/6 to 1/4, v/v) 






74b – TLC: Rf = 0.60 (Et2O/n-hexane 1:3). – mp 47–49°C (Et2O/n-hexane). – 1H NMR 
(400 MHz, CDCl3): δH = 1.13 (s, 12H, C(CH3)2), 1.54–1.57 (m, 4H, CH2C(CH3)2), 1.67–1.75 
(m, 2H, CH2CH2CH2), 2.39 (d, 4J = 1.0 Hz, 3H, CH=CCH3), 7.18 (q, 4J = 1.0 Hz, 1H, 
CH=CCH3) ppm. – 13C NMR (100 MHz, CDCl3): δC = 12.67 (q, CH=CCH3), 17.72 (t, 
CH2CH2CH2), 28.73 (q, C(CH3)2), 40.56 (t, CH2C(CH3)2), 55.10 (s, C(CH3)2), 132.74 (s, 
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CH=CCH3), 135.89 (d, CH=CCH3), 168.21 (s, N=CS) ppm. – IR (KBr): ṽ = 3005 (m), 2974 
(m), 2928 (m), 1532 (m) cm–1. – C13H22N2S (238.15): calcd. C 65.50, H 9.30, N 11.75, S 
13.45; found C 65.09, H 9.07, N 11.54, S 13.37%. 
 
5-Methyl-2-(2,2,6,6-tetramethyl-1,2,3,6-tetrahydropyridin-1-yl)thiazole (74c): According 
to GP-1 2,2,6,6-tetramethyl-1,2,3,6-tetrahydropyridine (73c) (70 mg, 0.50 mmol, 1.0 eq) was 
reacted with allene 17a (73 mg, 0.75 mmol, 1.5 eq) in anhydrous THF (2 mL). 





74c – TLC: Rf = 0.59 (Et2O/n-hexane 1:3). – 1H NMR (400 MHz, CDCl3): δH = 1.22 (s, 6H, 
2’-(CH3)2), 1.24 (d, J = 1.0 Hz, 6H, 6’-(CH3)2), 2.09 (mC, 2H, 3’-CH2), 2.39 (s, 3H, 5-CH3), 
5.55–5.65 (m, 2H, CH=CH) 7.18 (s, 1H, 4-H) ppm. – 13C NMR (100 MHz, CDCl3): 
δC = 12.63 (q, 5-CH3), 27.56 (q, 2’-(CH3)2), 29.12 (q, 6’-(CH3)2), 40.42 (t, C-3’), 54.36 (s, C-
2’), 55.81 (s, C-6’), 120.61 (d, C-4’), 132.74 (s, C-5), 135.75 (d, C-4/5’), 135.93 (d, C-4/5’), 
167.18 (s, N=CS) ppm. Assignment by gHMBCAD. – IR (CCl4): ṽ = 3030 (w), 2971 (s), 
2928 (m), 1517 (w), 1471 (m) , 1441 (s) , 1361 (m) cm–1. – HR MS (ESI): calcd. for: 
C13H20N2S ([M+H]+): 237.1420; found 237.1478. 
 
5.8. Syntheses of 5-Methyl-1,3-thiazol-2-amines 25 
N,N-Diisopropyl-5-methylthiazol-2-amine (25b): N,N-Diisopropylamine (28b) (101 mg, 
1.00 mmol, 1.0 eq) was added to a solution of allene 17a (194 mg, 1.50 mmol, 1.5 eq) in 
anhydrous THF (3 mL) at 0°C and stirred for 10 min. Chromatography (Et2O/n-hexane 1/10 






25b – TLC: Rf = 0.44 (Et2O/n-hexane 1:10). – 1H NMR (400 MHz, CDCl3): δH = 1.33 (d, 
3J = 7.0 Hz, 12H, CH(CH3)2), 2.27 (s, 3H, CH=CCH3), 3.87 (sept, 3J = 6.5 Hz, 2H, 
CH(CH3)2), 6.77 (s, 1H, CH=CCH3) ppm. – 13C NMR (100 MHz, CDCl3): δC = 11.74 (q, 
CH=CCH3), 20.17 (q, CH(CH3)2), 50.06 (d, CH(CH3)2), 118.80 (s, CH=CCH3), 135.74 (d, 
CH=CCH3), 167.26 (s, N=CS) ppm. – IR (CCl4): ṽ = 2971 (s), 2921 (m), 2884 (w), 1528 (s), 
1504 (m), 1367 (m), 1305 (m) cm–1. – HR MS (ESI): calcd. for: C10H18N2S ([M+H]+): 
199.1263, found 199.1268. 
 
N-tert-Butyl-N-isopropyl-5-methylthiazol-2-amine (25c): N-tert-Butyl-N-isopropylamine 
(28c) (115 mg, 1.00 mmol, 1.0 eq) was added to a solution of allene 17a (146 mg, 1.50 mmol, 
1.5 eq) in anhydrous THF (2 mL) at 0°C and stirred for 30 min. The mixture was then allowed 
to warm up to room temperature and stirred for further 9 h. Chromatography (Et2O/n-hexane 







25c – TLC: Rf = 0.25 (Et2O/n-hexane 1:20). – 1H NMR (400 MHz, CDCl3): δH = 1.13 (d, 
3J = 7.0 Hz, 6H, CH(CH3)2), 1.30 (s, 9H, CH(CH3)3), 2.35 (s, 3H, CH=CCH3), 3.68 (sept, 
3J = 7.0 Hz, 1H, CH(CH3)2), 7.06 (s, 1H, CH=CCH3) ppm. – 13C NMR (100 MHz, CDCl3): 
δC = 12.49 (q, CH=CCH3), 23.26 (q, CH(CH3)2), 28.81 (q, C(CH3)3), 47.35 (d, CH(CH3)2), 
57.03 (s, C(CH3)3), 129.33 (s, CH=CCH3), 135.32 (d, CH=CCH3), 167.10 (s, N=CS) ppm. – 
IR (CCl4): ṽ = 2974 (s), 2926 (m), 2869 (m), 1484 (m), 1449 (m), 1365 (m), 1219 (m) cm–1. – 
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HR MS (ESI): calcd. for: C11H20N2S ([M+H]+): 213.1420, found 213.1493; ([M+Na]+): 
235.1239; found 235.1305. 
 
5.9. Syntheses of N,N-Bisthiazole 76b and Monothiazole Derivative 76a 
To a solution of N-aminophthalimide (75) (161 mg, 1.00 mmol) in methanol (5 mL) was 
added allene 17a (222 mg, 2.30 mmol, 10% in dry THF). After 2 d of stirring at room 
temperature, a white precipitate of pure bisthiazole 76b was filtered off. The filtrate was 
reduced in vacuo, and flash chromatography with Et2O/n-hexane (1:1 to 3:1, v/v) gave first 2-
[bis(5-methylthiazol-2-yl)amino]isoindoline-1,3-dione (76b) (204 mg as total amount, 0.57 
mmol, 57%) and then 2-(5-methylthiazol-2-ylamino)isoindoline-1,3-dione (76a) (56 mg, 0.22 
mmol, 22%) as colorless solids, which were recrystallized from CHCl3 to give yellow crystals 




76a – TLC: Rf = 0.30 (Et2O/n-hexane 3:1). – mp 190°C (CHCl3, decomp.). – 1H NMR 
(400 MHz, CDCl3): δH  = 2.26 (d, 4J = 1.2 Hz, 3H, Me), 6.80 (q, 4J = 1.2 Hz, 1H, 4’-H), 7.79 
(m, J = 5.6, 3.2 Hz, 2H), 7.91 (m, J = 5.6, 3.2 Hz, 2H). NH missing. AA’BB’ spin system. – 
13C NMR (100 MHz, CDCl3): δC = 12.08 (q, Me), 123.94 (d, C-4,7), 124.14 (s, C-5), 130.06 
(s, C-3a,7a), 133.26 (d, C-4’), 134.64 (d, C-5,6), 165.42 (s, C-2’), 167.99 (s, C=O). – IR 
(KBr): ṽ = 2920, 1738 (C=O), 1597 cm–1. – HR MS (ESI): calcd. for: C12H10N3O2S 





76b – TLC: Rf = 0.55 (Et2O/n-hexane 3:1). – mp 265°C (CHCl3, decomp.). – 1H NMR 
(400 MHz, CDCl3): δH  = 2.35 (d, 4J = 1.2 Hz, 6H, Me), 7.00 (q, 4J = 1.2 Hz, 2H, 4’-H), 7.87 
(m, J = 5.6, 3.2 Hz, 2H), 8.01 (m, J = 5.6, 3.2 Hz, 2H). AA’BB’ spin system. – 13C NMR 
(100 MHz, CDCl3): δC = 11.67 (q, Me), 124.56 (d, C-4,7), 127.68 (s, C-3a,7a/5’), 129.83 (s, 
C-3a,7a/5’), 135.22 (d, C-5,6/4’), 135.57 (d, C-5,6/4’), 159.58 (s, C-2’), 164.46 (s, C=O). – 
IR (KBr): ṽ = 3422 (NH), 3022, 2919, 2857, 1761 (C=O), 1524 cm–1. – HR MS (ESI): calcd. 
for: C16H12N4O2S2 ([M+H]+): 357.0480, found 357.0443; ([M+Na]+): 379.0299, found 
379.0262; ([M+K]+): 395.0039, found 394.9992. 
5.10. Syntheses of 1,3-Thiazol-2-one 79a and 2-Amino-1,3-thiazole 25a 
1-Isothiocyanatopropa-1,2-diene (17a) (10% in dry THF, 445 mg, 4.58 mmol) was added 
drop-wise under nitrogen to N,N-dimethylhydroxylamine (77a)[61] (260 mg, 4.26 mmol) in 10 
mL of dry THF at –5 °C. After 1 h at –5 °C, the reaction mixture was stirred overnight at 
room temperature. The solvent was removed under vacuum, and the crude products were 
separated by flash column chromatography using first Et2O and n-hexane (4:6, v/v) to give 
dimethyl-(5-methyl-thiazole-2-yl)-amine (25a) (175 mg, 1.23 mmol, 29%) as a colorless oil 
followed then by elution with methanol and Et2O (7:93, v/v) to afford 5-
(dimethylaminomethyl)thiazol-2(3H)-one (79a) (389 mg, 2.46 mmol, 58%); recrystallization 







79a – mp 105°C (Et2O/n-hexane). – 1H NMR (400 MHz, CDCl3): δH = 2.24 (s, 6H, NMe2), 
3.29 (d, 4J = 1.2 Hz, 2H, NCH2), 6.46 (t, 4J = 1.2 Hz, 1H, 4-H), 10.1 (br s, 1H, NH). – 13C 
NMR (100 MHz, CDCl3): δC = 44.7 (q, NMe2), 57.1 (t, NCH2), 118.0 (s, C-5), 119.3 (d, C-
4), 176.1 (s, C-2). – IR (CCl4): ṽ = 3125 (NH), 2997, 1645 (C=O) cm–1. – HR MS (ESI): 
calcd. for: C6H10N2OS ([M+H]+): 159.0592, found 159.0582; ([M+Na]+): 181.0412, found 
181.0410. 
 
Detailed experimental procedures of the additional NMR experiments (Chapter 3.3.6, Table 
7) are given in the corresponding publication [28b]: Eur. J. Org. Chem. 2014, 2899–2906. 
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5.11. Detection of Allene Intermediate 78a and Thiazoles 79a and 25a 
O-Dimethylamino N-propa-1,2-dienylthiocarbamat (78a) was detected and characterized by 
NMR and IR monitoring: Hydroxylamine 77a (2 equiv.) was added to 1-isothiocyanatopropa-
1,2-diene (17a) (10% in dry CDCl3, 1 equiv.) at –5 °C. After 10 min 1H NMR and IR spectra 
showed no remaining allene 17a. The percentage yield was measured using naphthalene as 
standard and found to be 100%. After 24 h at room temperature, the reaction was completed 
to yield thiazole 79a as major product in 84% yield. After 10 min as well as after 24 h, no 
signals of 17a could be observed. The experiment with 77a and excess amounts of 17a, which 








78a – 1H NMR (400 MHz, CDCl3): δH = 2.80 (s, 6H, NMe2), 5.36 (d, 4J = 6.4 Hz, 2H, 
=CH2), 7.29 (t, 4J = 6.4 Hz, 1H, =CH), 9.38 (br s, 1H, NH). 13C NMR (100 MHz, CDCl3): δC 
= 47.9 (q, NMe2), 86.6 (t, =CH2), 97.0 (d, =CH), 184.5 (s, C=S), 202.8 (s, =C=). – IR 
(CDCl3): ṽ = 1962 (w, allene) cm–1. 
5.12. Syntheses of 3CR Products 83 and 85 from TAA (73a) 
General Procedure 2 (GP-2): Preparation of 3-CR products from amines 73a or 67 and 
allene 17a: To a solution of 73a (1.00 eq) and the appropriate electrophile (1.25 eq) in 
anhydrous THF (0.3 M) at room temperature was added 17a (1.25 eq). After stirring for 48 h 
(96 h in case of 84b and 84c), the solvent was removed at reduced pressure. The crude 
product was purified by flash chromatography (Et2O/n-hexane). 
 
2,2,6,6-Tetramethyl-1-[5-(3-nitro-2-phenylpropyl)thiazol-2-yl]piperidin-4-one (83): 
According to GP-2, allenyl isothiocyanate (17a) (121 mg, 1.25 mmol, 1.25 eq) was added to a 
solution of triacetonamine (73a) (155 mg, 1.00 mmol, 1.00 eq) and β-nitrostyrene (82) 
(186 mg, 1.25 mmol, 1.00 eq) in anhydrous THF (3 mL). Flash chromatography (Et2O/n-
hexane 1/2 to 2/1, v/v) gave 83 (290 mg, 0.72 mmol, 72%) as a yellow, viscous oil, that 






83 – TLC: Rf = 0.46 (Et2O/n-hexane 3:1). – mp 94–95°C. – 1H NMR (400 MHz, CDCl3): 
δH = 1.23 (s, 12H, C(CH3)2), 2.53 (s, 4H, CH2C(CH3)2), 3.10 (dd, 2J = 14.5 Hz, 3J = 9.0 Hz, 
1H, CH=CCH2), 3.21 (dd, 2J = 14.5 Hz, 3J = 6.5 Hz, 1H, CH=CCH2), 3.73 (mC, 1H, CHAr), 
4.68 (mC, 2H, CH2NO2), 7.10–7.15 (m, 3H, arom.), 7.25–7.35 (m, 3H, arom.) ppm. – 13C 
NMR (100 MHz, CDCl3): δC = 29.88 (q, C(CH3)2), 31.79 (t, CH=CCH2), 45.78 (d, CHAr), 
54.71 (t, CH2C(CH3)2), 58.68 (s, CH2C(CH3)2), 79.35 (t, CH2NO2), 127.55 (d, CHortho), 
128.12 (d, CHpara), 128.99 (d, CHmeta), 132.90 (s, CH=CCH2), 137.24 (d, CH=CCH2), 137.89 
(s, Cipso), 167.56 (s, N=CS), 208.68 (s, CO) ppm. Assignment by gHMBCAD. – IR (KBr): ṽ 
= 2968 (s), 2933 (m), 1704 (s), 1552 (m) cm–1. – C21H27N3O3S (401.52): calcd. C 62.82, H 
6.78, N 10.47, S 7.99; found C 62.15, H 6.60, N 10.13, S 7.70%. 
 
1-[5-(2-Hydroxy-2-phenylethyl)thiazol-2-yl]-2,2,6,6-tetramethylpiperidin-4-one (85a): 
According to GP-2 allenyl isothiocyanate (17a) (49 mg, 0.50 mmol, 1.25 eq) was added to a 
solution of triacetonamine (73a) (62 mg, 0.40 mmol, 1.00 eq) and benzaldehyde (84a) 
(0.05 mL, 53 mg, 0.50 mmol, 1.25 eq) in anhydrous THF (2 mL). Flash chromatography 
(Et2O/n-hexane 1/1 to 3/1, v/v) gave 85a (61 mg, 0.17 mmol, 43%) as a pale yellow, viscous 




85a – TLC: Rf = 0.31 (Et2O/n-hexane 3:1). – mp 121–122°C. – 1H NMR (400 MHz, 
CDCl3): δH = 1.24 (s, 12H, C(CH3)2), 2.53 (s, 4H, CH2C(CH3)2), 3.10–3.22 (m, 2H, 
CH=CCH2), 4.90 (dd, 3J = 7.5 Hz, 3J = 5.5 Hz, 1H, CHAr), 7.20 (s, 1H, CH=CCH2), 7.25–
7.35 (m, 5H, arom.) ppm. OH missing. – 13C NMR (100 MHz, CDCl3): δC = 29.84 (q, 
C(CH3)2), 37.56 (t, CH=CCH2), 54.78 (t, CH2C(CH3)2), 58.67 (s, CH2C(CH3)2), 74.40 (d, 
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CHAr), 125.82 (d, CHortho), 127.93 (d, CHpara), 128.43 (d, CHmeta), 133.23 (s, CH=CCH2), 
136.93 (d, CH=CCH2), 143.00 (s, Cipso), 167.35 (s, N=CS), 209.17 (s, CO) ppm. Assignment 
by gHMBCAD. – IR (KBr): ṽ = 3263 (br), 2970 (m), 2907 (m), 1726 (s), 1712 (s), 1426 (s), 




one (85b): According to GP-2, allenyl isothiocyanate (17a) (49 mg, 0.50 mmol, 1.25 eq) was 
added to a solution of triacetonamine (73a) (62 mg, 0.40 mmol, 1.00 eq) and 
4-chlorobenzaldehyde (84b) (70 mg, 0.50 mmol, 1.25 eq) in anhydrous THF (2 mL). Flash 
chromatography (Et2O/n-hexane 2/1 to 4/1, v/v) gave 85b (88 mg, 0.22 mmol, 56%) as a 




85b – TLC: Rf = 0.30 (Et2O/n-hexane 3:1). – mp 165–166°C (Et2O/n-hexane). – 1H NMR 
(400 MHz, CDCl3): δH = 1.26 (s, 12H, C(CH3)2), 2.45 (br s), 1H, OH),  2.54 (s, 4H, 
CH2C(CH3)2), 3.14 (mC, 2H, CH=CCH2), 4.90 (t, 3J = 6.0 Hz, 1H, CHAr), 7.18 (s, 1H, 
CH=CCH2), 7.23 (d, J = 6.5 Hz, 2H, H-3’’,5’’), 7.29 (d, J = 6.5 Hz, 2H, H-2’’,6’’) ppm. – 13C 
NMR (100 MHz, CDCl3): δC = 29.92 (q, C(CH3)2), 37.55 (t, CH=CCH2), 54.77 (t, 
CH2C(CH3)2), 58.68 (s, CH2C(CH3)2), 73.74 (d, CHAr), 127.23 (d, 3’’,5’’-CH), 128.59 (d, 
2’’,6’’-CH), 132.47 (s, C-4’’), 133.61 (s, CH=CCH2), 137.54 (d, CH=CCH2), 141.44 (s, C-
1’’), 167.60 (s, N=CS), 208.89 (s, CO) ppm. Assignment by gHMBCAD. – IR (KBr): ṽ = 
3520 (br), 2968 (m), 1699 (s), 837 (m), 815 (m) cm–1. – HR MS (ESI): calcd. for: 
C20H25ClN2O2S ([M+H]+): 393.1404; found 393.1382. 
 
1-{5-[2-Hydroxy-2-(perfluorophenyl)ethyl]thiazol-2-yl}-2,2,6,6-tetramethylpiperidin-4-
one (85c): According to GP-2, allenyl isothiocyanate (17a) (49 mg, 0.50 mmol, 1.25 eq) was 
added to a solution of triacetonamine (73a) (62 mg, 0.40 mmol, 1.00 eq) and penta-
flourobenzaldehyde (84c) (0.06 mL, 98 mg, 0.50 mmol, 1.25 eq) in anhydrous THF (2 mL). 
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Flash chromatography (Et2O/n-hexane 1/2 to 2/1, v/v) gave 85c (122 mg, 0.27 mmol, 68%) as 




85c – TLC: Rf = 0.46 (Et2O/n-hexane 3:1). – mp 125–126°C (Et2O/n-hexane). – 1H NMR 
(400 MHz, CDCl3): δH = 1.25 (s, 12H, C(CH3)2), 2.55 (s, 4H, CH2C(CH3)2), 2.72 (s, 1H, 
OH), 3.30 (dd, 2J = 14.5 Hz, 3J = 7.0 Hz, 1H, CH=CCH2), 3.46 (dd, 2J = 14.5 Hz, 3J = 7.0 Hz, 
1H, CH=CCH2), 5.27 (mC, 1H, CHAr), 7.22 (s, 1H, CH=CCH2) ppm. – 13C NMR 
(100 MHz, CDCl3): δC = 29.84 (q, C(CH3)2), 34.99 (t, CH=CCH2), 54.68 (t, CH2C(CH3)2), 
58.73 (s, CH2C(CH3)2), 67.02 (d, CHAr), 131.07 (s, CH=CCH2), 137.46 (d, CH=CCH2), 
168.08 (s, N=CS), 208.72 (s, CO) ppm. C6F5-signals absent. Assignment by comparison. – IR 
(KBr): ṽ = 3210 (br), 2983 (m), 2930 (m), 1723 (s), 1525 (s), 1501 (s), 1447 (s) cm–1. – HR 
MS (ESI): calcd. for: C20H21F5N2O2S ([M+H]+): 449.1322; found 449.1294. 
 
1-{5-[2-Hydroxy-2-(4-nitrophenyl)ethyl]thiazol-2-yl}-2,2,6,6-tetramethylpiperidin-4-one 
(85d): According to GP-2, allenyl isothiocyanate (17a) (49 mg, 0.50 mmol, 1.25 eq) was 
added to a solution of triacetonamine (73a) (62 mg, 0.40 mmol, 1.00 eq) and 
4-nitrobenzaldehyde (84d) (76 mg, 0.50 mmol, 1.25 eq) in anhydrous THF (2 mL). Flash 
chromatography (Et2O/n-hexane 1/3 to 1/1, v/v) gave 85d (120 mg, 0.30 mmol, 74%) as a 




85d – TLC: Rf = 0.20 (Et2O/n-hexane 3:1). – mp 153–155°C (Et2O/n-hexane). – 1H NMR 
(400 MHz, CDCl3): δH = 1.27 (s, 12H, C(CH3)2), 2.46 (s, 1H, OH),  2.56 (s, 4H, 
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CH2C(CH3)2), 3.19 (d, 3J = 6.0 Hz, 2H, CH=CCH2), 5.07 (td, 3J = 6.0 Hz, 3J = 3.0 Hz, 1H, 
CHAr), 7.19 (s, 1H, CH=CCH2), 7.50 (d, J = 8.5 Hz, 2H, H-2’’,6’’), 8.19 (d, J = 8.5 Hz, 2H, 
H-3’’,5’’) ppm. – 13C NMR (100 MHz, CDCl3): δC = 29.96 (q, C(CH3)2), 37.56 (t, 
CH=CCH2), 54.69 (t, CH2C(CH3)2), 58.70 (s, CH2C(CH3)2), 73.34 (d, CHAr), 123.66 (d, C-
2’’,6’’), 126.67 (d, C-3’’,5’’), 131.47 (s, CH=CCH2), 137.54 (d, CH=CCH2), 147.49 (s, C-
4’’), 150.10 (s, C-1’’), 167.94 (s, N=CS), 208.73 (s, CO) ppm. Assignment by gHMBCAD. – 
IR (KBr): ṽ = 3413 (s), 2972 (m), 2912 (m), 1698 (s), 1519 (m) cm–1. – 
C20H25N3O4S (403.50): calcd. C 59.53, H 6.25, N 10.41, S 7.95; found C 59.44, H 6.25, N 
10.34, S 7.93%. 
 
1-{5-[2-(2,4-Dinitrophenyl)-2-hydroxyethyl]thiazol-2-yl}-2,2,6,6-tetramethylpiperidin-4-
one (85e): According to GP-2, allenyl isothiocyanate (17a) (49 mg, 0.50 mmol, 1.25 eq) was 
added to a solution of triacetonamine (73a) (62 mg, 0.40 mmol, 1.00 eq) and 
2,4-dinitrobenzaldehyde (84e) (98 mg, 0.50 mmol, 1.25 eq) in anhydrous THF (2 mL). Flash 
chromatography (Et2O/n-hexane 1/1 to 3/1, v/v) gave 85e (77 mg, 0.17 mmol, 43%) as a dark 




85e – TLC: Rf = 0.46 (Et2O/n-hexane 3:1). – mp 146–147°C (Et2O/n-hexane). – 1H NMR 
(400 MHz, CDCl3): δH = 1.28 (s, 12H, C(CH3)2), 2.56 (s, 4H, CH2C(CH3)2), 3.11 (dd, 
2J = 15.0 Hz, 3J = 8.0 Hz, 1H, CH=CCH2), 2.80 (br s, 1H, OH), 3.37 (dd, 2J = 15.0 Hz, 
3J = 3.0 Hz, 1H, CH=CCH2), 5.64 (dd, 3J = 8.0 Hz, 3J = 3.0 Hz, 1H, CHAr), 7.24 (s, 1H, 
CH=CCH2), 8.09 (d, 3J = 9.0 Hz, 1H, H-6’’), 8.43 (dd, 3J = 9.0 Hz, 4J = 2.5 Hz, 1H, H-5’’), 
8.83 (d, 4J = 2.5 Hz, 1H, H-3’’) ppm. – 13C NMR (100 MHz, CDCl3): δC = 29.95 (q, 
C(CH3)2), 36.77 (t, CH=CCH2), 54.66 (t, CH2C(CH3)2), 58.71 (s, CH2C(CH3)2), 69.34 (d, 
CHAr), 120.11 (d, C-3’’), 127.49 (d, C-5’’), 130.19 (d, C-6’’), 131.45 (s, CH=CCH2), 137.54 
(d, CH=CCH2), 145.51 (s, C-1’’), 147.13 (s, CNO2), 147.14 (s, CNO2), 168.16 (s, N=CS), 
208.80 (s, CO) ppm. Assignment by gHMBCAD. – IR (KBr): ṽ = 3331 (br), 3117 (w), 
2973 (m), 1722 (m), 1690 (s), 1607 (m), 1537 (s), 1437 (m), 1345 (s), 910 (m), 846 (m), 
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726 (m) cm–1. – HR MS (ESI): calcd. for: C20H25N4O6S ([M+H]+): 449.1489; found 
449.1469. 
5.13. Syntheses of MCR Products 86 and 87 from Anilines (67) 
5-(3-Nitro-2-phenylpropyl)-N-phenylthiazol-2-amine (86a): According to GP-2, allenyl 
isothiocyanate (17a) (102 mg, 1.05 mmol, 1.25 eq) was added to a solution of aniline (67a) 
(0.08 mL, 78.3 mg, 0.84 mmol, 1.00 eq) and β-nitrostyrene (82) (157 mg, 1.05 mmol, 1.25 eq) 
in anhydrous THF (3 mL). Flash chromatography (Et2O/n-hexane 1/1 to 3/1, v/v) gave 86a 
(76 mg, 0.22 mmol, 27%) and N-{5-(3-nitro-2-phenylpropyl)-3-[5-(3-nitro-2-phenylpropyl)-





86a – TLC: Rf = 0.41 (Et2O/n-hexane 4:1). – 1H NMR (400 MHz, CDCl3): δH = 3.11 (mC, 
2H, CH=CCH2), 3.73 (mC, 1H, CHAr), 4.65 (mC, CH2NO2), 6.87 (s, 1H, CH=CCH2), 7.06 (t, 
J = 7.0 Hz, 1H, CHpara), 7.19 (d, J = 8.0 Hz, 2H, CHortho), 7.24–7.36 (m, 7H, arom. H), 8.57 
(br s, 1H, NH) ppm. – 13C NMR (100 MHz, CDCl3): δC = 31.10 (t, CH=CCH2), 45.59 (d, 
CHAr), 79.36 (t, CH2NO2), 117.93 (d, NHCortho), 122.15 (s, CH=CCH2), 122.87 (d, NHCpara), 
127.48 (d, Cortho), 128.07 (d, Cpara), 129.05 (d, Cmeta), 129.43 (d, Cmeta), 136.70 (d, CH=CCH2), 
138.19 (s, Cipso), 140.35 (s, NHCipso), 164.93 (s, N=CS) ppm. Assignment by gHMBCAD. – 
IR (CCl4): ṽ = 3064 (w), 3029 (w), 2954 (w), 2914 (w), 1599 (m), 1550 (s), 1496 (m), 
1460 (m), 750 (m), 699 (m) cm–1. – HR MS (ESI): calcd. for: C18H17N3O2S ([M+H]+): 













87a – TLC: Rf = 0.32 (Et2O/n-hexane 4:1). – 1H NMR (400 MHz, CDCl3): δH = 2.85–2.95 
(m, 2H, CH=CCH2), 3.15–3.20 (m, 2H, CH=CCH2), 3.66 (mC, 1H, CHAr), 3.75 (mC, 1H, 
CHAr), 4.56–4.70 (m, 4H, CH2NO2), 7.05–7.20 (m, 7H, arom.), 7.25–7.41 (m, 9H, arom.), 
7.50 (s, 1H, arom.) ppm. – 13C NMR (100 MHz, CDCl3): δC = 30.73 (t, CH=CCH2), 32.37 (t, 
CH=CCH2), 43.94 (d, CHAr), 45.65 (d, CHAr), 79.33 (t, CH2NO2), 79.45 (t, CH2NO2), 
114.84 (d), 117.94 (s), 120.44 (d), 121.00 (d), 124.37 (s), 127.32 (d), 127.52 (d), 128.10 (d), 
128.30 (d), 129.10 (d), 129.23 (d), 129.49 (d), 135.76 (d), 137.58 (s), 138.11 (s), 148.23 (s), 
151.62 (s), 155.30 (s) ppm. Assigment by comparison. – IR (KBr): ṽ = 3065 (w), 3030 (w), 
2955 (w), 2915 (w), 1600 (m), 1550 (s), 1496 (m), 1460 (m), 750 (m), 698 (m) cm–1. – 
C30H27N5O4S2 (585.70): calcd. C 61.52, H 4.65, N 11.96, S 10.95; found C 61.19, H 4.62, N 
11.74, S 11.20%. 
 
N-(2,6-Dimethylphenyl)-5-(3-nitro-2-phenylpropyl)thiazol-2-amine (86b): According to 
GP-2, allenyl isothiocyanate (17a) (97.0 mg, 1.00 mmol, 1.25 eq) was added to a solution of 
2,6-dimethylaniline (67b) (0.10 mL, 97.0 mg, 0.80 mmol, 1.00 eq) and β-nitrostyrene (82) 
(149 mg, 1.00 mmol, 1.25 eq) in anhydrous THF (3 mL). Flash chromatography (Et2O/n-




86b – TLC: Rf = 0.23 (Et2O/n-hexane 4:1). – mp 121–122°C (Et2O/n-hexane). – 1H NMR 
(400 MHz, CDCl3): δH = 2.26 (s, 6H, CH3), 2.96 (mC, 2H, CH=CCH2), 3.60 (mC, 1H, CHAr), 
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4.60 (mC, CH2NO2), 6.73 (s, 1H, CH=CCH2), 7.10–7.20 (m, 5H, arom.), 7.23–7.33 (m, 3H, 
arom.) ppm. NH missing. – 13C NMR (100 MHz, CDCl3): δC = 18.10 (q, CH3), 31.35 (t, 
CH=CCH2), 45.54 (d, CHAr), 79.26 (t, CH2NO2), 121.96 (s, CH=CCH2), 127.33 (d, arom.), 
127.78 (d, arom.), 127.90 (d, arom.), 128.84 (d, arom.), 128.91 (d, arom.), 136.61 (s, C-2’,6’), 
137.17 (d, CH=CCH2), 137.40 (s, C-1’), 138.40 (s, Cipso), 170.02 (s, N=CS) ppm. Assignment 
by gHMBCAD. – IR (KBr): ṽ = 3172 (w),  3030 (w), 2916 (m), 2846 (w), 1549 (s), 1472 (m), 
1433 (m), 1378 (m), 769 (m), 700 (m) cm–1. – HR MS (ESI): calcd. for: C20H21N3O2S 
([M+H]+): 368.1427, found 368.1433; ([M+Na]+): 390.1247, found 390.1241. 
 
N-Thiazolyl-2-imino-1,3-thiazoline (87b): To a solution of 2,6-diisopropylaniline (67e) 
(177 mg, 1.00 mmol) and β-nitrostyrene (82) (224 mg, 1.50 mmol) in anhydrous THF (3 mL) 
was added allene 17a (146 mg, 1.50 mmol) at room temperature. After 2 h of stirring, the 
solvent was removed under reduced pressure. The crude product was purified by flash 
chromatography (Et2O/n-hexane 1/4 to 1/1, v/v) to give 2,6-diisopropyl-N-{5-(3-nitro-2-
phenylpropyl)-3-[5-(3-nitro-2-phenylpropyl)thiazol-2-yl]thiazol-2(3H)-ylidene}aniline (87b) 




87b – TLC: Rf = 0.19 (Et2O/n-hexane 1:1). – mp 74–75°C (Et2O/n-hexane). – 1H NMR 
(400 MHz, CDCl3, TMS): δH = 1.05 – 1.20 (m, 12H, CH(CH3)2), 2.76 – 2.94 (m, 4H, 
CH=CCH2, CH(CH3)2), 3.12 – 3.23 (m, 2H, CH=CCH2), 3.66 (mC, 1H, CHAr), 3.75 (mC, 1H, 
CHAr), 4.53–4.67 (m, 4H, CH2NO2), 7.06 – 7.20 (m, 8H, arom.), 7.20 – 7.31 (m, 6H, arom.), 
7.44 (s, 1H, arom.) ppm. – 13C NMR (100 MHz, CDCl3): δC = 23.07 (q, 0.5 CHCH3), 23.08 
(q, 0.5 CHCH3), 23.18 (q, 0.5 CHCH3), 23.23 (q, 0.5 CHCH3), 24.01 (q, 0.5 CHCH3), 24.04 
(q, 0.5 CHCH3), 24.14 (q, 0.5 CHCH3), 24.18 (q, 0.5 CHCH3), 28.17 (d, CH(CH3)2), 28.20 (d, 
CH(CH3)2), 30.57 (t, CH=CCH2), 32.48 (t, CH=CCH2), 44.12 (d, CHAr), 45.64 (d, 0.5 
CHAr), 45.67 (d, 0.5 CHAr), 79.37 (t, CH2NO2), 79.53 (t, CH2NO2), 115.48 (s, CH=CCH2), 
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120.38 (d, arom.), 123.52 (d, arom.), 123.55 (s, CH=CCH2), 123.58 (d, arom.),  124.70 (d, 
arom.), 127.30 (d, arom.), 127.47 (d, arom.), 128.12 (d, arom.), 128.24 (d, arom.), 129.07 (d, 
arom.), 129.15 (d, arom.), 129.32 (d, arom.), 135.73 (d, CH=CCH2), 137.42 (s, arom.), 137.93 
(s, 0.5 arom.), 137.94 (s, 0.5 C arom.), 138.93 (s, 0.5 arom.), 138.96 (s, 0.5 arom.), 139.02 (s, 
0.5 arom.), 139.05 (s, 0.5 arom.), 144.91 (s, arom.), 152.39 (s, N=CS), 155.45 (s, N=CS) ppm. 
Assigned by DEPT-135. Signal doubling is probably caused by restriction of rotation. – IR 
(CCl4): ṽ = 2963 (m), 2869 (w), 1622 (m), 1645 (m), 1558 (s), 1477 (m) cm–1. – 
C36H39N5O4S2 (669.86): calcd. C 64.55, H 5.87, N 10.46, S 9.57; found C 64.29, H 6.02, N 
10.14, S 9.59%. 
5.14. Synthesis of 3CR Products from Acyclic Secondary Amines 
General Procedure 3 (GP-3): Preparation of 3CR Products 89: To a solution of 17a 
(1.5 eq) in anhydrous THF at 0°C was added at first the electrophile (1.5 eq) and then the 
appropriate amine (1.0 eq). After stirring, the solvent was removed under reduced pressure. 
The crude product was purified by flash chromatography (Et2O/n-hexane). 
 
N-tert-Butyl-N-isopropyl-5-(3-nitro-2-phenylpropyl)thiazol-2-amine (89a): According to 
GP-3, N-isopropyl-tert-butylamine (25c) (115 mg, 1.00 mmol) and β-nitrostyrene (82) 
(224 mg, 1.50 mmol) were reacted with allene 17a (146 mg, 1.50 mmol) in anhydrous THF 
(3 mL) at room temperature. After 10 h of stirring, the solvent was removed under reduced 
pressure. The crude product was purified by flash chromatography (Et2O/n-hexane 1/10 to 




89a – TLC: Rf = 0.20 (Et2O/n-hexane 1:8). – 1H NMR (400 MHz, CDCl3): δH = 1.09 (d, 
3J = 7.0 Hz, 3H, CHCH3), 1.11 (d, 3J = 7.0 Hz, 3H, CHCH3), 1.28 (s, 9H, C(CH3)3), 3.06 (dd, 
2J = 15.0 Hz, 3J = 8.0 Hz, 1H, CH=CCHH), 3.12 (dd, 3J = 15.0 Hz, 3J = 7.0 Hz, 1H, 
CH=CCHH), 3.68 (sept, 3J = 7.0 Hz, 1H, CH(CH3)2), 3.71 (mC, 1H, CHPh), 4.60 – 4.70 (m, 
2H, CH2NO2), 6.96 (s, 1H, CH=CCH2), 7.13 – 717 (m, 2H, arom.), 7.22–7.35 (m, 3H, arom.) 
ppm. – 13C NMR (100 MHz, CDCl3): δC = 23.04 (q, CHCH3), 23.12 (q, CHCH3), 28.76 (q, 
C(CH3)), 31.80 (t, CH=CCH2), 45.73 (d, CHPh), 47.64 (d, CH(CH3)2), 57.33 (s, C(CH3)3), 
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79.35 (t, CH2NO2), 127.48 (d, arom.), 127.94 (d, Cpara), 128.91 (d, arom.), 136.43 (d, 
CH=CCH2), 138.32 (s, Cipso), 168.07 (s, N=CS) ppm. C-5 (s) missing. – IR (CCl4): ṽ = 2974 
(s), 2931 (m), 1557 (s), 1494 (m), 1455 (m) cm–1. – C19H27N3O2S (361.50): calcd. C 63.13, H 
7.53, N 11.62, S 8.87; found C 63.41, H 7.54, N 11.27, S 8.89%. 
 
N-Isopropyl-5-(3-nitro-2-phenylpropyl)-N-phenylthiazol-2-amine (89b): According to 
GP-3, N-isopropylaniline (69d) (135 mg, 1.00 mmol) and β-nitrostyrene (82) (224 mg, 1.50 
mmol) were reacted with allene 17a (146 mg, 1.50 mmol) in anhydrous THF (3 mL) and 
stirred for 10 min. Chromatography (Et2O/hexane 1/3 to 1/1, v/v) gave 89b (247 mg, 
0.65 mmol, 65%) as a colorless, crystalline solid and N-isopropyl-5-methyl-N-phenylthiazol-








89b – TLC: Rf = 0.36 (Et2O/n-hexane 1:2). – mp 102°C (Et2O/n-hexane). – 1H NMR 
(400 MHz, CDCl3): δH = 1.19 (d, 3J = 6.5 Hz, 6H, CH(CH3)2), 2.88–3.00 (m, 2H, 
CH=CCH2), 3.58 (quint, 3J = 7.5 Hz, 1H, CHAr), 4.56 (dd, 2J = 12.5 Hz, 3J = 9.0 Hz, 1H, 
CH2NO2), 4.62 (dd, 2J = 12.5 Hz, 3J = 6.0 Hz, 1H, CH2NO2), 4.83 (sept, 3J = 7.0 Hz, 1H, 
CH(CH3)2), 6.82 (s, 1H, CH=CCH2), 7.15 (d, J = 7.5 Hz, 2H, arom.), 7.20–7.38 (m, 5H, 
arom.), 7.40–7.50 (m, 3H, arom.) ppm. – 13C NMR (100 MHz, CDCl3): δC = 20.92 (q, 
CH(CH3)2), 20.96 (q, CH(CH3)2), 31.33 (t, CH=CCH2), 45.44 (d, CHAr), 50.82 (d, 
CH(CH3)2), 79.28 (t, CH2NO2), 121.38 (s, CH=CCH2), 127.26 (d, arom.), 127.81 (d, arom.), 
128.52 (d, arom.), 128.90 (d, arom.), 129.85 (d, arom.), 130.72 (d, arom.), 137.28 (d, 
CH=CCH2), 138.80 (s, Cipso), 141.19 (s, NCipso), 171.14 (s, N=CS) ppm. – IR (CCl4): ṽ = 
2976 (m), 2920 (w), 1550 (s), 1504 (s), 700 (m) cm–1. – C21H23N3O2S (381.49): calcd. C 









70d – TLC: Rf = 0.62 (Et2O/n-hexane 1:2). – 1H NMR (400 MHz, CDCl3): δH = 1.19 (d, 
3J = 7.0 Hz, 6H, CH(CH3)2), 2.18 (d, 3H, 4J = 1.5 Hz, CH=CCH3), 4.84 (sept, 3J = 7.0 Hz, 
1H, CH(CH3)2), 6.81 (q, 1H, 4J = 1.5 Hz, CH=CCH3), 7.25 (d, J = 7.0 Hz, 2H, arom.), 7.35–
7.47 (m, 3H, arom.) ppm. – 13C NMR (100 MHz, CDCl3): δC = 11.78 (q, CH=CCH3), 20.95 
(q, CH(CH3)2), 50.62 (d, CH(CH3)2), 120.90 (s, CH=CCH3), 128.26 (d, CHpara), 129.73 (d, 
arom.), 130.82 (d, arom.), 135.55 (d, CH=CCH3), 141,62 (s, Cipso), 170.43 (s, N=CS) ppm. – 
IR (CCl4): ṽ = 2975 (m), 1556 (w), 1508 (s), 1303 (m), 1160 (m), 699 (m) cm–1. – HR MS 
(ESI): calcd. for: C13H16N2S ([M+H]+): 233.1107, found 233.1099; ([M+Na]+): 255.0926; 
found 255.0921. 
 
N,N-Diisopropyl-5-(3-nitro-2-phenylpropyl)thiazol-2-amine (89c): According to GP-3, 
diisopropylamine (28b) (101 mg, 1.00 mmol) and β-nitrostyrene (82) (224 mg, 1.50 mmol) 
were reacted with allene 17a (146 mg, 1.50 mmol) in anhydrous THF (3 mL). 
Chromatography (Et2O/n-hexane 1/20 to 1/2, v/v) gave 89c (214 mg, 0.62 mmol, 62%) as a 




89c – TLC: Rf = 0.31 (Et2O/n-hexane 1:2). – mp 78°C. – 1H NMR (400 MHz, CDCl3): 
δH = 1.32 (d, 3J = 7.0 Hz, 6H, CH(CH3)2), 1.33 (d, 3J = 7.0 Hz, 6H, CH(CH3)2), 2.98–3.08 (m, 
2H, CH=CCH2), 3.68 (mC, 1H, CHAr), 3.86 (sept, 3J = 7.0 Hz, 2H, CH(CH3)2), 4.61 (dd, 
2J = 13.0 Hz, 3J = 9.0 Hz, 1H, CH2NO2), 4.69 (dd, 2J = 13.0 Hz, 3J = 6.0 Hz, 1H, CH2NO2), 
6.79 (s, 1H, CH=CCH2), 7.22 (d, J = 8.0 Hz, 2H, arom.), 7.26–7.39 (m, 3H, arom.) ppm. – 
13C NMR (100 MHz, CDCl3): δC = 20.06 (q, CH(CH3)2), 20.12 (q, CH(CH3)2), 31.36 (t, 
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CH=CCH2), 45.58 (d, CHAr), 50.30 (d, CH(CH3)2), 79.43 (t, CH2NO2), 119.25 (s, 
CH=CCH2), 127.40 (d, CHortho), 127.86 (d, CHpara), 128.94 (d, CHmeta), 137.39 (s, Cipso), 
139.02 (d, CH=CCH2), 167.85 (s, N=CS) ppm. Assignment by comparison. – IR (KBr): ṽ = 
2994 (m), 2970 (m), 2930 (w), 1531 (s), 1380 (m), 1366 (m), 1222 (m), 1124 (m), 762 (m), 
704 (m) cm–1. – C13H22N2S (238.15): calcd. C 62.22, H 7.25, N 12.09, S 9.23; found C 61.92, 
H 7.15, N 12.00, S 9.38%. 
 
N-Isopropyl-5-(3-nitro-2-phenylpropyl)-N-(p-tolyl)thiazol-2-amine (89d): According to 
GP-3, N-isopropyl-4-methyaniline (69a) (149 mg, 1.00 mmol) and β-nitrostyrene (82) 
(224 mg, 1.50 mmol) were reacted with allene 17a (146 mg, 1.50 mmol) in anhydrous THF 
(3 mL) at room temperature. After 2 h of stirring, the solvent was removed under reduced 
pressure. The crude product was purified by flash chromatography (Et2O/n-hexane 1/5 to 1/2, 










89d – TLC: Rf = 0.17 (Et2O/n-hexane 1:2). – mp 135°C (Et2O/n-hexane). – 1H NMR 
(400 MHz, CDCl3, TMS): δH = 1.17 (d, 3J = 7.0 Hz, 3H, CHCH3), 1.18 (d, 3J = 7.0 Hz, 3H, 
CHCH3), 2.42 (s, 3H, C6H4CH3), 2.94 – 2.99 (m,  2H, CH=CCH2), 3.57 (mC, 1H, CHAr), 
4.55 (dd, 2J = 12.5 Hz, 3J = 9.5 Hz, 1H, CHHNO2), 4.62 (dd, 2J = 12.5 Hz, 3J = 6.0 Hz, 1H, 
CHHNO2), 4.82 (sept, 3J = 7.0 Hz, 1H, CH(CH3)2), 6.80 (s, 1H, CH=CCH2), 7.10–7.16 (m, 
4H, arom.), 7.22–7.32 (m, 5H, arom.) ppm. – 13C NMR (100 MHz, CDCl3): δC = 20.91 (q, 
CHCH3), 20.94 (q, CHCH3), 21.22 (q, ArCH3), 31.35 (t, CH=CCH2), 45.43 (d, CHAr), 50.73 
(d, CH(CH3)2), 79.27 (t, CH2NO2), 121.21 (s, CH=CCH2), 127.26 (d, arom.), 127.81 (d, 
CHpara), 128.90 (d, arom.), 130.42 (d, arom.), 130.55 (d, arom.), 137.08 (d, CH=CCH2), 
138.37 (s, arom), 138.63 (s, arom), 138.82 (s, arom), 171.37 (s, N=CS) ppm. – IR (CCl4): ṽ = 
3033 (w), 2976 (w), 2931 (w), 1557 (s), 1508 (s) cm–1. – HR MS (ESI): calcd. for: 





According to GP-3, N-isopropyl-p-anisidine (69b) (165 mg, 1.00 mmol) and 
β-nitrostyrene (82) (224 mg, 1.50 mmol) were reacted with allene 17a (146 mg, 1.50 mmol) 
in anhydrous THF (3 mL). Chromatography (Et2O/n-hexane 1/1 to 3/1, v/v) gave 89e 
(249 mg, 0.61 mmol, 61%) as a colorless, crystalline solid and N-isopropyl-N-(4-




89e – TLC: Rf = 0.26 (Et2O/n-hexane 1:2). – mp 140°C (Et2O/n-hexane). – 1H NMR 
(400 MHz, CDCl3): δH = 1.16 (d, 3J = 7.0 Hz, 6H, CH(CH3)2), 2.80–2.95 (m, 2H, 
CH=CCH2), 3.57 (mC, 1H, CHAr), 3.86 (s, 3H, OMe), 4.56 (dd, 2J = 12.5 Hz, 3J = 9.0 Hz, 
1H, CH2NO2), 4.62 (dd, 2J = 12.5 Hz, 3J = 5.5 Hz, 1H, CH2NO2), 4.80 (sept, 3J = 7.0 Hz, 1H, 
CH(CH3)2), 6.80 (s, 1H, CH=CCH2), 6.97 (d, J = 8.5 Hz, 2H, arom.), 7.15 (d, J = 8.5 Hz, 4H, 
arom.), 7.20–7.35 (m, 3H, arom.) ppm. – 13C NMR (100 MHz, CDCl3): δC = 20.91 (q, 
CH(CH3)2), 20.94 (q, CH(CH3)2), 31.41 (t, CH=CCH2), 45.48 (d, CHAr), 50.59 (d, 
CH(CH3)2), 55.43 (q, OCH3), 79.32 (t, CH2NO2), 114.99 (d, arom.), 121.29 (s, CH=CCH2), 
127.27 (d, arom.), 127.84 (d, CHpara), 128.94 (d, arom), 131.95 (d, arom), 133.74 (s, Cipso), 
137.41 (d, CH=CCH2), 138.89 (s, Cipso), 159.48 (s, COCH3), 171.83 (s, N=CS) ppm. – IR 
(KBr): ṽ = 2967 (m), 2839 (s), 1606 (w), 1549 (s), 1510 (s), 1298 (m), 1249 (m), 1171 (m), 
820 (m), 761 (m), 701 (m) cm–1. – HR MS (ESI): calcd. for: C22H25N3O3S ([M+Na]+): 
434.1509; found 434.1497 
 
N-Methyl-5-(3-nitro-2-phenylpropyl)-N-phenylthiazol-2-amine (89f): According to GP-3, 
N-methylaniline (88) (107 mg, 1.00 mmol) and β-nitrostyrene (82) (224 mg, 1.50 mmol) were 
reacted with allene 17a (146 mg, 1.50 mmol) in anhydrous THF (3 mL). Chromatography 





89f – TLC: Rf = 0.19 (Et2O/n-hexane 2:1). – 1H NMR (400 MHz, CDCl3): δH = 3.00 (d, 
3J = 7.5 Hz, 2H, CH=CCH2), 3.47 (s, 3H, NCH3), 3.63 (mC, 1H, CHAr), 4.58 (dd, 
2J = 12.5 Hz, 3J = 8.5 Hz, 1H, CH2NO2), 4.63 (dd, 2J = 12.5 Hz, 3J = 6.5 Hz, 1H, CH2NO2), 
6.84 (s, 1H, CH=CCH2), 7.15–7.18 (m, 2H, arom.), 7.23–7.45 (m, 8H, arom.) ppm. – 13C-
NMR (100 MHz, CDCl3): δC = 31.21 (t, CH=CCH2), 39.98 (q, NCH3), 45.51 (d, CHAr), 
79.30 (t, CH2NO2), 122.26 (s, CH=CCH2), 124.78 (d, NCHortho), 126.34 (d, NCHpara), 127.33 
(d, CHortho), 127.88 (d, CHpara), 128.94 (d, CHmeta), 129.65 (d, NCHmeta), 137.53 (d, 
CH=CCH2), 138.54 (s, Cipso), 146.19 (s, NCipso), 169.48 (s, N=CS) ppm. – IR (CCl4): ṽ = 
3034 (m), 1599 (w), 1557 (m), 1513 (s), 1496 (s), 1376 (m), 1164 (m), 697 (s) cm–1. – HR 
MS (ESI): calcd. for: C19H19N3O2S ([M+H]+): 354.1274; found 354.1271. 
 
5.15. Synthesis of Alternative 3CR Product 91 
N,N-Diisopropyl-5-nitro-6-phenyl-4-vinyl-5,6-dihydro-4H-1,3-thiazin-2-amine (91): To a 
solution of diisopropylamine (28b) (202 mg, 2.00 mmol) and β-nitrostyrene (82) (448 mg, 
3.00 mmol) in anhydrous THF (6 mL) was added allene 17a (292 mg, 3.00 mmol) at –30°C. 
After 20 min of stirring, the solvent was removed under reduced pressure. The crude product 
was purified by flash chromatography (Et2O/n-hexane 1/20 to 1/2, v/v) to give 89c (226 mg, 








91 – mp 118°C (Et2O/n-hexane). – 1H NMR (400 MHz, CDCl3): δH = 1.29 (d, 3J = 7.0 Hz, 
6H, CH(CH3)2), 1.30 (d, 3J = 7.0 Hz, 6H, CH(CH3)2), 3.80 – 3.96 (m, 2H, CH(CH3)2), 4.52 
(dd, 3J = 10.0 Hz, 3J = 7.0 Hz, 1H, CHCH=CH2), 4.75 (dd, 3J = 10.5 Hz, 3J = 10.0 Hz, 1H, 
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CHNO2), 4.92 (d, 3J = 10.5 Hz, 1H, CHPh), 5.20 (d, 3J = 10.0 Hz, 1H, C=CHH), 5.36 (d, 
3J = 17.0 Hz, 1H, C=CHH), 5.83 (ddd, 3J = 17.0 Hz, 3J = 10.0 Hz, 3J = 7.0 Hz, 1H, 
CHCH=CH2), 7.27 – 7.40 (m, 5H, Ph) ppm. – 13C NMR (100 MHz, CDCl3): δC = 20.87 (q, 
CH(CH3)2), 21.12 (q, CH(CH3)2), 47.88 (d, CHPh), 48.54 (d, CH(CH3)2), 64.13 (d, 
CHCH=CH2), 91.22 (d, CHNO2), 117.73 (t, CH=CH2), 128.12 (d, arom.), 129.07 (d, Cpara), 
129.11 (d, arom.), 135.66 (s, Cipso), 136.57 (d, CH=CH2), 147.11 (s, N=CS) ppm. Assigned by 
gHMBCAD and gHSQCAD. – IR (CCl4): ṽ = 2973 (m), 2932 (w), 1603 (s), 1554 (s) cm–1. – 
HR MS (ESI): calcd. for: C18H25N3O2S ([M+H]+): 348.1740, found 348.1780. 
5.16. Synthesis of 3CR and Pseudo-4CR Products 94 and 95 from Benzaldehyde (84a) 
To a solution of allene 17a (1.00 g, 10.3 mmol) and freshly distilled benzaldehyde (84a) 
(1.09 g, 10.3 mmol) in anhydrous THF (25 mL) was added N-isopropyl-tert-butylamine (28c) 
(795 mg, 6.90 mmol) at 0°C. After 10 h of stirring at room temperature, the solvent was 
removed under reduced pressure. The crude product was purified by flash chromatography 
(Et2O/n-hexane 1/4 to 1/2, v/v) to give 94 (895 mg, 2.81 mmol, 41%) as a colorless, 








94 – TLC: Rf = 0.16 (Et2O/n-hexane 1:3). – mp 71°C (Et2O/n-hexane). – 1H NMR 
(400 MHz, CDCl3, TMS): δH = 1.13 (d, 3J = 6.5 Hz, 3H, CHCH3), 1.14 (d, 3J = 6.5 Hz, 3H, 
CHCH3), 1.31 (s, 9H, C(CH3)3), 2.23 (s, br, 1H, OH), 3.11 (d, 3J = 6.5 Hz, 2H, CH=CCH2), 
3.70 (sept, 3J = 6.5 Hz, 1H, CH(CH3)2), 4.87 (t, 3J = 6.5 Hz, 1H, CHOH), 7.07 (s, 1H, 
CH=CCH2), 7.26–7.31 (m, 1H, arom.), 7.31–7.35 (m, 4H, arom.) ppm. – 13C NMR 
(100 MHz, CDCl3, TMS): δC = 23.13 (q, CCH3), 23.25 (q, CCH3), 28.88 (q, C(CH3)3), 37.78 
(t, CH=CCH2), 47.63 (d, CH(CH3)2), 57.28 (s, C(CH3)3), 74.59 (d, CHOH), 125.86 (d, arom.), 
127.83 (d, Cpara), 128.45 (d, arom.), 136.41 (d, CH=CCH2), 143.17 (s, Cipso), 168.15 (s, 
N=CS) ppm. C-5 (s) missing. – IR (KBr): ṽ = 3228 (m, br), 2972 (s), 2904 (w), 2871 (w), 
1449 (m) cm–1. – C18H26N2OS (318.48): calcd. C 67.98, H 8.23, N 8.80, S 10.07; found C 












95 – TLC: Rf = 0.29 (Et2O/n-hexane 1:3). – 1H NMR (400 MHz, CDCl3): δH = 1.09 (d, 
3J = 7.0 Hz, 6H, CHCH3), 1.28 (s, 9H, C(CH3)3), 2.25 (d, 4J = 1.5 Hz, 3H, CH=CCH3), 3.27 
(dd, 2J = 15.0 Hz, 3J = 6.0 Hz, 1H, CH=CCHH), 3.42 (dd, 2J = 15.0 Hz, 3J = 7.0 Hz, 1H, 
CH=CCHH), 3.66 (sept, 3J = 7.0 Hz, 1H, CH(CH3)2), 5.99 (t, 3J = 6.5 Hz, 1H, CH-O), 6.67 
(q, 4J = 1.5 Hz, 1H, CH=CCH3), 7.02 (s, 1H, CH=CCH2), 7.26–7.73 (m, 5H, Ph) ppm. – 13C 
NMR (100 MHz, CDCl3): δC = 12.24 (q, CH=CCH3), 23.13 (q, CH(CH3)2), 28.80 (q, 
C(CH3)3), 35.23 (t, CH=CCH2), 47.48 (d, CH(CH3)2), 57.09 (s, C(CH3)3), 82.41 (d, CH-O), 
125.53 (s, CH=CCH2), 126.47 (d, arom.), 128.06 (s, CH=CCH3) 128.18 (d, Cpara), 128.36 (d, 
arom.), 133.45 (d, CH=CCH3), 136.74 (d, CH=CCH2), 139.11 (s, Cipso), 168.12 (s, N=CS), 
171.81 (s, N=CS) ppm. – IR (CCl4): ṽ = 2973 (m), 2923 (w), 1510 (s), 1449 (m) cm–1. – HR 
MS (ESI): calcd. for: C22H29N3OS2 ([M+H]+): 416.1825, found 416.1798; ([M+Na]+): 
438.1644, found 438.1624. 
5.17. Synthesis of 2-Methoxy-N-(4-nitrobenzylidene)ethanamine (104) 
p-Nitrobenzaldehyde (84d) (1.00 g, 6.62 mmol) was added to a solution of 2-
methoxyethanamine (103) (0.50 g, 6.62 mmol) in DCM (10 mL) and stirred for 1 h in the 
presence of 4 A molecular sieves. The Sieves were filtered off and the reaction mixture was 
dried over anhydrous MgSO4 and filtered through Celite. The solvent was removed in vacuo 









104 – mp 82°C. – 1H NMR (400 MHz, CDCl3): δH = 3.38 (s, 3H, OCH3), 3.73 (t, J = 5.5 Hz, 
2H, CH2), 3.85 (t, J = 5.5 Hz, 2H, CH2), 7.91 (d, J = 8.5 Hz, 2H, arom.), 8.26 (d, J = 8.5 Hz, 
2H, arom.), 8.39 (s, 1H, CHN) ppm. – 13C NMR (100 MHz, CDCl3): δC = 58.99 (q, OCH3), 
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61.32 (t, NCH2), 71.77 (t, CH2OCH3), 123.82 (d, arom.), 128.88 (d, arom.), 141.54 (s, arom.), 
149.02 (s, arom.), 160.29 (CHN) ppm. – IR (CDCl3): ṽ = 2986 (w), 2926 (m), 2890 (m), 2849 
(m), 1650 (s), 1597 (m) cm–1. – C10H12N2O3 (208.22): calcd. C 57.68, H 5.81, N 13.45; found 
C 57.65, H 5.78, N 13.36%. 
5.18. Synthesis of Pseudo-4CR Products 107 from N-Sulfonly Imines 106 
N-{1-Phenyl-2-[2-(2,2,6,6-tetramethyl-4-oxopiperidin-1-yl)thiazol-5-yl]-
ethyl}benzenesulfonamide (107a): To a solution of triacetonamine (73a) (310 mg, 
2.00 mmol) and imide (106) (736 mg, 3.00 mmol) in anhydrous THF (10 mL) was added 
allene 17a (291 mg, 3.00 mmol) at 0°C. After 24 h of stirring at room temperature, the 
mixture was reduced in vacuo. The white precipitate was filtered off and washed with a few 
mililiters of Et2O to give 107a (808 mg, 1.62 mmol, 81%) as a colorless, crystalline solid, 











107a – mp 197°C (CHCl3). – 1H NMR (400 MHz, CDCl3): δH = 1.21 (s, 6H, CCH3), 1.22 (s, 
6H, CCH3), 2.53 (s, 4H, CH2C=O), 3.14 (dd, 2J = 15.0 Hz, 3J = 7.0 Hz, 1H, CH=CCHH), 3.29 
(dd, 2J = 15.0 Hz, 3J = 6.0 Hz, 1H, CH=CCHH), 4.54 (ddd, 3J = 6.0 Hz, 3J = 7.0 Hz, 
3J = 7.0 Hz, 1H, CHNH), 5.21 (d, br, 3J = 7.0 Hz, 1H, NH), 6.95 (d,  J = 7.5 Hz, 2H, arom.), 
7.08 (s, 1H, CH=CCH2), 7.09–7.18 (m, 3H, arom), 7.34 (t, J = 7.5 Hz, 2H, arom.), 7.46 (t, 
J = 7.5 Hz, 1H, arom.), 7.68 (d, J = 7.5 Hz, 2H, arom.) ppm. – 13C NMR (100 MHz, CDCl3): 
δC = 29.90 (q, CCH3), 35.94 (t, CH=CCH2), 54.73 (t, CH2C=O), 58.69 (d, CH-NH), 58.89 (s, 
CCH3), 126.58 (d, arom.), 126.99 (d, arom.), 128.02 (d, Cpara), 128.54 (d, arom.), 128.85 (d, 
arom.), 131.45 (s, CH=CCH2), 132.53 (d, Cpara), 137.61 (s, Cipso), 138.82 (d, CH=CCH2), 
140.18 (s, Cipso), 167.83 (s, N=CS), 208.69 (s, C=O) ppm. – Assigned by gHSQCAD. – IR 
(KBr): ṽ = 3359 (m), 3148 (w), 2971 (m), 2935 (w), 1695 (s) cm–1. – HR MS (ESI): calcd. 
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(107b): To a solution of amine (7c) (299 mg, 2.00 mmol) and imide (106) (736 mg, 
3.00 mmol) in anhydrous THF (10 mL) was added allene 17a (291 mg, 3.00 mmol) at 0°C. 
After 20 min of stirring, the solvent was removed in vacuo. The crude product was purified by 
flash chromatography (Et2O/n-hexane 1/5 to 1/3, v/v) to give 107b (685 mg, 1.39 mmol, 











107b – TLC: Rf = 0.17 (Et2O/n-hexane 3:1). – mp 158°C (toluene). – 1H NMR (400 MHz, 
CDCl3, TMS): δH = 1.16 (d, 3J = 7.5 Hz, 3H, CHCH3), 1.18 (d, 3J = 7.0 Hz, 3H, CHCH3), 
2.40 (s, 3H, CaromCH3), 2.87 (dd, 2J = 15.0 Hz, 3J = 6.0 Hz, 1H, CH=CCHH), 2.93 (dd, 
2J = 15.0 Hz, 3J = 7.5 Hz, 1H, CH=CCHH), 4.35 (dt, 3J = 6.0 Hz, 3J = 7.5 Hz, 1H, CHNH), 
4.76 (sept, 3J = 6.5 Hz, 1H, CH(CH3)2), 5.00 (s, br, 1H, NH), 6.71 (s, 1H, CH=CCH2), 7.00–
7.05 (m, 2H, arom.), 7.07 (d, J = 8.0 Hz, 2H, arom.), 7.10–7.17 (m, 3H, arom), 7.25 (d, 
J = 8.0 Hz, 2H, arom.), 7.31 (t, J = 7.5 Hz, 2H, arom.), 7.44 (t, J = 7.0 Hz, 1H, arom.), 7.59 
(d, J = 7.5 Hz, 2H, arom.) ppm. – 13C NMR (100 MHz, CDCl3, TMS): δC = 20.91 (q, 
CHCH3), 21.02 (q, CHCH3), 21.24 (q, CaromCH3), 35.48 (t, CH=CCH2), 50.82 (d, CH(CH3)2), 
58.47 (d, CH-NH), 119.51 (s, CH=CCH2), 126.67 (d, arom.), 127.09 (d, arom.), 127.70 (d, 
arom.), 128.42 (d, arom.), 128.68 (d, arom.), 130.42 (d, arom.), 130.50 (d, arom.), 132.28 (d, 
arom.), 137.98 (d, arom.), 138.46 (s, arom.), 138.52 (s, arom.), 139.71 (s, arom.), 140.16 (s, 
arom.), 171.71 (s, N=CS) ppm. – IR (KBr): ṽ = 3168 (m, br), 3056 (m), 2964 (m), 1500 (s), 
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1447 (m) cm–1. – HR MS (ESI): calcd. for: C27H29N3O2S2 ([M+H]+): 492.1774, found 
492.1752; ([M+Na]+): 514.1599, found 514.1548. 
5.19. Syntheses of Thiourea 110 and Isothiourea 117 
1-Benzyl-3-(2-bromoallyl)-1-methylthiourea (110): 2-Bromo-3-thiocyanatoprop-1-ene 
(113)[71],[72] (1.50 g, 8.42 mmol) was subjected to FVP at 400°C to give 2-bromo-3-
isothiocyanatoprop-1-ene (1.02 g, 5.73 mmol, 68% NMR-yield) in a mixture with the starting 
material. Higher temperatures result in dehydrobromination to give allene 17a in considerable 
amounts. The crude product was used without further purification and diluted in CHCl3 
(10 mL) at 0°C. A solution of N-methylbenzylamine (114) (0.93 g, 7.50 mmol) in CHCl3 
(10 mL) was added drop-wise. The reaction mixture was reduced under vacuum to induce 
crystallization. The resulting crystalline solid was filtered off and washed with pentane to give 




110 – TLC: Rf = 0.31 (Et2O/n-hexane 1:1). – mp 89°C (Et2O/n-hexane). – 1H NMR 
(400 MHz, CDCl3, TMS): δH = 3.23 (s, 3H, NCH3), 4.58 (d, 3J = 5.5 Hz, 2H, NHCH2), 5.06 
(s, 2H, CH2Ph), 5.57 (d, 2J = 1.0 Hz, 1H, C=CHH), 5.76 (t, br, 1H, NHCH2), 5.83 (d, 
2J = 1.0 Hz, 1H, C=CHH), 7.25 – 7.32 (m, 3H, Ph) , 7.34 – 7.40 (m, 2H, Ph) ppm. – 13C 
NMR (100 MHz, CDCl3): δC = 38.03 (q, NCH3), 53.56 (t, CH2), 56.74 (t, CH2), 118.87 (t, 
C=CH2), 127.02 (d, arom.), 127.80 (d, Cpara), 128.94 (d, arom.), 129.15 (s, CBr), 136.04 (s, 
Cipso), 182.66 (s, C=S) ppm. – IR (CCl4): ṽ = 3443 (m), 3066 (w), 3030 (w), 2917 (m), 1633 
(m), 1522 (s) cm–1. – C12H15BrN2S (299.23): calcd. C 48.17, H 5.05, N 9.36, S 10.72; found 
C 48.37, H 5.15, N 9.19, S 10.90%. 
 
2-Bromoallyl benzyl(methyl)carbamimidothioate hydrobromide (117): To a solution of 1-
benzyl-1-methylthiourea (116)[73] (2.85 g, 15.8 mmol) in 50 mL CHCl3 was added 2,3-
dibromoprop-1-ene (115)[72] (3.48 g, 17.4 mmol) at room temperature. After stirring for 5 h, 
the solvent was removed under vacuum. The crude product was recrystallized two times from 
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117 – mp 143–144°C (EtOH). – 1H NMR (400 MHz, CDCl3, TMS): major conformer: 
δH = 3.41 (s, 3H, NCH3), 4.73 (s, 2H, SCH2), 4.90 (s, 2H, CH2Ph), 5.67 (s, 1H, C=CHH), 
6.36 (s, 1H, C=CHH)  7.18 – 7.25 (m, 2H, Ph), 7.30 – 7.45 (m, 3H, Ph), 9.70 (s, 2H, C=NH2) 
ppm; minor conformer: δH = 3.24 (s, br, 3H, NCH3), 4.73 (s, 2H, SCH2), 5.15 (s, br, 2H, 
CH2Ph), 5.67 (s, 1H, C=CHH), 6.36 (s, 1H, C=CHH)  7.18 – 7.25 (m, 2H, Ph), 7.30 – 7.45 
(m, 3H, Ph), 9.70 (s, 2H, C=NH2) ppm. – 13C NMR (100 MHz, CDCl3): major conformer: 
δC = 40.99 (q, NCH3), 44.63 (t, SCH2), 58.13 (t, CH2Ph), 124.42 (t, C=CH2), 124.75 (s, CBr), 
127.23 (d, arom.), 128.86 (d, Cpara), 129.30 (d, arom.), 133.01 (s, Cipso), 166.66 (s, N=CS) 
ppm. – IR (KBr): ṽ = 3452 (w, br), 3281 (w), 3195 (m, br), 3036 (s, br), 2907 (s), 2879 (m), 
1634 (s), 1578 (s) cm–1. – C12H16Br2N2S (380.14): calcd. C 37.92, H 4.24, N 7.37, S 8.44; 
found C 38.00, H 4.23, N 7.28, S 8.42%. 
 
5.20. Synthesis of 5-Methyl-2-amino-1,3-thiazole 112 and Methylenebisthiazole 119 
N-Benzyl-N,5-dimethylthiazol-2-amine (112): To a solution of 1-benzyl-3-(2-bromoallyl)-1-
methylthiourea (110) (100 mg, 0.334 mmol) was added K2CO3 (69 mg, 0.500 mmol) in 
freshly distilled 1,3-dimethyl-2-imidazolidinone (10 mL), and the mixture was stirred at 
120°C for 19 h. After completion of the reaction, the mixture was quenched with ammonium 
buffer solution (pH = 9) and extracted with three portions of ethyl acetate (3 x 30 mL). The 
combined organic layers were dried over MgSO4, and the solvents were removed by vacuum 
distillation. The crude product was purified by flash chromatography (Et2O/n-hexane 1/3 to 





112 – TLC: Rf = 0.45 (Et2O/n-hexane 1:1). – 1H NMR (400 MHz, CDCl3, TMS): δH = 2.29 
(d, 4J = 1.0 Hz, 3H, CH=CCH3), 2.99 (s, 3H, NCH3), 4.63 (s, 2H, CH2Ph), 6.82 (q, 
4J = 1.0 Hz, 1H, CH=CCH3) 7.24 – 7.28 (m, 3H, Ph), 7.29 – 7.35 (m, 2H, Ph) ppm. – 13C 
NMR (100 MHz, CDCl3, TMS): δC = 11.99 (q, CH=CCH3), 37.83 (q, NCH3), 56.31 (t, 
CH2Ph), 120.92 (s, CH=CCH3), 127.43 (d, Cpara), 127.53 (d, arom.), 128.62 (d, arom.), 136.34 
(d, CH=CCH3), 137.06 (s, Cipso), 170.37 (s, N=CS) ppm. – IR (CCl4): ṽ = 3031 (w), 2920 (m), 
1541 (s) cm–1. – C12H14N2S (218.32): calcd. C 66.02, H 6.46, N 12.83, S 14.69; found C 
66.04, H 6.60, N 12.53, S 14.94%. 
 
5,5'-Methylenebis(N-benzyl-N,4-dimethylthiazol-2-amine) (119): A solution of 2-
bromoallyl benzyl(methyl)carbamimidothioate hydrobromide (117) (127 mg, 0.334 mmol) 
and K2CO3 (69 mg, 0.500 mmol) in freshly distilled 1,3-dimethyl-2-imidazolidinone (10 mL) 
was heated to 120°C for 1.5 h. After completion of the reaction, the mixture was quenched 
with ammonium buffer solution (pH = 9) and extracted with three portions of ethyl acetate 
(30 mL). The combined organic layers were dried over MgSO4 and the solvents were 
removed by vaccum distillation. The crude product was purified by flash chromatography 
(Et2O/n-hexane 1/4 to 1/2, v/v) to give 4-methylthiazole 118[75] (43 mg, 0.197 mmol, 59%) 
and 119 (6 mg, 0.013 mmol, 8%) as a yellow oil, which was recrystallized from 




119 – TLC: Rf = 0.19 (Et2O/n-hexane 1:1). – mp 94°C (Et2O/n-hexane). – 1H NMR 
(400 MHz, CDCl3, TMS): δH = 2.23 (s, 6H, C=CCH3), 2.96 (s, 6H, NCH3), 3.85 (s, 2H, C-
CH2-C), 4.61 (s, 4H, NCH2Ph), 7.20 – 7.35 (m, 10H, Ph) ppm. – 13C NMR (100 MHz, 
CDCl3): δC = 14.98 (q, C=CCH3), 23.35 (t, C-CH2-C), 37.52 (q, NCH3), 56.25 (t, NCH2Ph), 
118.11 (s, C=CCH2), 127.43 (d, Cpara), 127.63 (d, arom.), 128.58 (d, arom.), 136.92 (s, Cipso), 
143.73 (s, br, C=CCH3), 168.35 (s, N=CS) ppm. – IR (CCl4): ṽ = 3030 (w), 2920 (m), 1758 
(m), 1738 (s), 1716 (m), 1694 (s), 1539 (s) cm–1. – HR MS (ESI): calcd. for: C25H28N4S2 
([M+H]+): 449.1834, found 449.1841. 
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5.21. Reference Syntheses of 5-Methyl-2-amino-1,3-thiazole 112 and 
Methylenebisthiazole 119 
N-Benzyl-N,5-dimethylthiazol-2-amine (112): To a solution of allenyl isothiocyanate (17a) 
(875 mg, 9.00 mmol) in anhydrous THF (12 mL) was added N-methylbenzylamine (114) 
(727 mg, 6.00 mmol) at 0°C. After stirring for 1 d at room temperature, the solvent was 
removed under reduced pressure. The crude product was purified by flash chromatography 
(Et2O/n-hexane 1/5 to 1/3, v/v) to give 112 (422 mg, 1.93 mmol, 32%) as a yellow oil. 
 
Reference Synthesis of 119: A solution of N-benzyl-N,4-dimethylthiazol-2-amine (118) (400 
mg, 1.83 mmol) in EtOH (25 mL) was refluxed at 85°C and treated drop-wise with 
concentrated HCl until pH = 1 was reached. The solvent was distilled off and the resulting 
crude hydrochloride salt dissolved in 1N aqueous HCl solution. 1 mL of formalin solution 
was added and the mixture refluxed for 2 h at 125°C. After distilling off most of the water, the 
residue was dissolved in MeOH, alkalised with concentrated NH3 solution and stirred for 
30 min at 50°C. The organic solvent was then removed under water-jet vacuum, the residue 
separated between H2O and Et2O (50 mL each) and extracted with Et2O (3 x 50 mL). The 
crude free bases were then purified by flash column chromatography with Et2O/n-hexane (1:2 
to 2:1, v/v) to give 5,5'-methylenebis(N-benzyl-N,4-dimethylthiazol-2-amine) (119) (224 mg, 
0.50 mmol, 55%) as a colorless solid and N-benzyl-5-(methoxymethyl)-N,4-dimethylthiazol-




121 – TLC: Rf = 0.30 (Et2O/n-hexane 1:1). – 1H NMR (400 MHz, CDCl3, TMS): δH = 2.24 
(s, 3H, C=CCH3), 2.99 (s, 3H, NCH3), 3.34 (s, 3H, OCH3), 4.42 (s, 2H, CH2), 4.65 (s, 2H, 
CH2), 7.21 – 7.37 (m, 5H, Ph) ppm. – 13C NMR (100 MHz, CDCl3): δC = 15.15 (q, 
C=CCH3), 37.57 (q, NCH3), 56.14 (t, NCH2Ph), 57.14 (t, CH2OCH3), 65.95 (q, OCH3), 
114.84 (s, C=CCH2), 127.43 (d, Cpara), 127.54 (d, arom.), 128.55 (d, arom.), 136.78 (s, Cipso), 
147.67 (s, br, C=CCH3), 169.59 (s, N=CS) ppm. –IR (CCl4): ṽ = 3030 (w), 2922 (m), 1539 (s) 
cm–1. – HR MS (ESI): calcd. for: C14H18N2OS ([M+H]+): 263.1213, found 263.1197; 
([M+Na]+): 285.1032, found 285.1005. 
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5.22. Synthesis of 1,3-Dioxanes 122 from Electron-rich 2-Amino-1,3-thiazoles 
General procedure 4 (GP-4): 2-Aminothiazole 112 (73 mg, 0.33 mmol) was dissolved in 
AcOH (5 mL) and heated to 100°C. A threefold excess of formaldehyde (37% in H2O) was 
added drop-wise over a period of 2 h. After the mixture had been cooled down to room 
temperature, the solvent was distilled off in vacuo and flash chromatography (Et2O/n-hexane 
1/1 to 4/1, v/v) gave N-benzyl-N,7a-dimethyl-7,7a-dihydro-3aH-[1,3]dioxino[4,5-d]thiazol-2-











122a – TLC: Rf = 0.10 (Et2O/n-hexane 1:1). – 1H NMR (400 MHz, CDCl3, TMS): δH = 1.57 
(s, 3H, CCH3), 2.98 (s, 3H, NCH3), 3.73 (d, 2J = 12.0 Hz, 1H, CHHCCH3), 4.12 (d, 
2J = 12.0 Hz, 1H, CHHCCH3), 4.55 (s, br, 2H, CH2Ph), 4.79 (d, 2J = 6.5 Hz, 1H, OCHHO), 
5.18 (d, 2J = 6.5 Hz, 1H, OCHHO), 5.26 (s, 1H, NCH-O), 7.22–7.38 (m, 5H, Ph) ppm. – 13C 
NMR (100 MHz, CDCl3, TMS): δC = 22.56 (q, CCH3), 37.15 (q, NCH3), 56.15 (t, CH2Ph), 
58.64 (s, CCH3), 71.56 (t, CH2CCH3), 89.12 (t, OCH2O), 102.01 (d, NCH-O), 127.47 (d, 
arom.), 127.66 (d, arom.), 128.72 (d, arom.), 136.54 (s, Cipso), 166.07 (s, N=CS) ppm. 
Assigned by gHMBCAD and gHSQCAD. – IR (CDCl3): ṽ = 3010 (w), 2965 (w), 2869 (w), 
1603 (s), 1591 (s), 1580 (s) cm–1. – HR MS (ESI): calcd. for: C14H18N2O2S ([M+H]+): 
279.1162, found 279.1175; ([M+Na]+): 301.0981, found 301.0980. 
 
N,N-Diethyl-7a-methyl-7,7a-dihydro-3aH-[1,3]dioxino[4,5-d]thiazol-2-amine (122b): 
According to GP-4, N,N-diethyl-5-methylthiazol-2-amine (25b) (110 mg, 0.65 mmol) was 
treated 2 h with formaldehyde to give 122b (94 mg, 0.31 mmol, 53%) as a yellow oil after 






122b – 1H NMR (400 MHz, CDCl3): δH = 1.18 (t, 3J = 7.0 Hz, 6H, CH2CH3), 1.51 (s, 3H, 
Me), 3.30 – 3.45 (m, 4H, CH2CH3), 3.69 (d, 2J = 12.5 Hz, 1H, CHHCCH3), 4.05 (d, 
2J = 12.5 Hz, 1H, CHHCCH3), 4.74 (d, 2J = 6.5 Hz, 1H, OCHHO), 5.13 (d, 2J = 6.5 Hz, 1H, 
OCHHO), 5.19 (s, 1H, NCH-O) ppm. – 13C NMR (100 MHz, CDCl3): δC = 13.41 (q, 
CH2CH3), 22.44 (q, CCH3), 44.91 (t, br, CH2CH3), 57.62 (s, CCH3), 71.51 (t, CH2CCH3), 
89.01 (t, OCH2O), 101.59 (s, NC-O), 164.53 (s, N=CS) ppm. Assignment by comparison. – 
IR (CCl4): ṽ = 2975 (m), 2933 (m), 2873 (m), 1605 (s) cm–1. – HR MS (ESI): calcd. for: 
C10H18N2O2S ([M+H]+): 231.1162, found 231.1162. 
 
N-Isopropyl-7a-methyl-N-p-tolyl-7,7a-dihydro-3aH-[1,3]dioxino[4,5-d]thiazol-2-amine 
(122c): According to GP-4, N-isopropyl-5-methyl-N-(p-tolyl)thiazol-2-amine (70a) (142 mg, 
0.58 mmol) was treated 4 h with formaldehyde to give 122c (94 mg, 0.31 mmol, 53%) as a 
yellow oil after flash chromatography (Et2O/n-hexane 1/1 to 2/1, v/v). 
The picrate was prepared by adding a concentrated solution of 122c in EtOH to a saturated 
solution of 2,4,6-trinitrophenol in EtOH at 60°C. The precipitating crystalline solid was 




122c – TLC: Rf = 0.22 (Et2O/n-hexane 2:1). – 1H NMR (400 MHz, CDCl3): δH = 1.12 (d, 
3J = 7.0 Hz, 3H, CHCH3), 1.15 (d, 3J = 6.5 Hz, 3H, CHCH3), 1.48 (s, 3H, CCH3), 2.38 (s, 3H, 
CaromCH3), 3.63 (d, 2J = 12.0 Hz, 1H, CHHCCH3), 3.96 (d, 2J = 12.0 Hz, 1H, CHHCCH3), 
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4.79 (d, 2J = 6.0 Hz, 1H, OCHHO), 4.89 (sept, br, 1H, 3J = 7.0 Hz, CH(CH3)2), 5.20 (d, 
2J = 6.0 Hz, 1H, OCHHO), 5.29 (s, 1H, NCH-O), 7.06 (d, J = 8.0 Hz, 2H, arom.), 7.18 (d, 
J = 8.0 Hz, 2H, arom.) ppm. – 13C NMR (100 MHz, CDCl3): δC = 20.88 (q, CH(CH3)2), 
20.99 (q, CH(CH3)2), 21.17 (q, CaromCH3), 21.88 (q, SCCH3), 50.86 (d, NCH(CH3)2), 56.58 (s, 
SCCH3), 71.93 (t, CH2CCH3), 88.74 (t, OCH2O), 102.14 (d, NCH-O), 129.52 (d,  arom.), 
130.62 (d, arom.), 136.88 (s, arom.), 138.69 (s, arom.), 164.70 (s, N=CS) ppm. Assigned by 
gHSQCAD. – IR (CDCl3): ṽ = 2976 (m), 2870 (w), 1613 (w), 1586 (s), 1559 (s), 1512 (m) 
cm–1. – HR MS (ESI): calcd. for: C16H22N2O2S ([M+H]+): 307.1475, found 307.1529; 












Pikrate – mp 175°C (DCM/n-hexane, decomp). – 1H NMR (400 MHz, CDCl3): δH = 1.23 
(d, 3J = 6.5 Hz, 3H, CHCH3), 1.25 (d, 3J = 6.5 Hz, 3H, CHCH3), 1.52 (s, 3H, CCH3), 2.44 (s, 
3H, CaromCH3), 3.74 (d, 2J = 13.5 Hz, 1H, CHHCCH3), 4.03 (d, 2J = 13.5 Hz, 1H, 
CHHCCH3), 4.73 (d, 2J = 6.5 Hz, 1H, OCHHO), 5.10 (d, 2J = 6.5 Hz, 1H, OCHHO), 5.22 
(sept, br, 1H, 3J = 6.5 Hz, CH(CH3)2), 5.53 (s, 1H, NCH-O), 7.02–7.19 (m, br, 2H, arom.), 
7.28–7.38 (m, br, 2H, arom.), 8.88 (s, 2H, pikrate) ppm. NH missing. – 13C NMR 
(100 MHz, C2D2Cl4): δC = 20.60 (q, CH(CH3)2), 20.80 (q, CH(CH3)2), 21.29 (q, CaromCH3), 
23.34 (q, SCCH3), 55.54 (s, SCCH3), 55.63 (d, NCH(CH3)2), 69.30 (t, CH2CCH3), 90.33 (t, 
OCH2O), 91.92 (d, NCH-O), 126.36 (d, C-3/5, pikrate), 128.03 (d, 0.5C, arom.), 128.30 (d, 
0.5C, arom.), 130.61 (d, 0.5C, arom.), 130.75 (d, 0.5C, arom.), 135.00 (s, arom.), 141.55 (s, 
arom.), 141.82 (s, arom., picrate), 161.57 (s, arom., pikrate), 175.00 (s, N=CS) ppm. – IR 
(CDCl3): ṽ = 3441 (m, br), 3093 (m), 2973 (m), 2863 (m), 2794 (m), 1632 (s), 1615 (s), 1595 
(s) cm–1. – C22H25N5O9S (535.53): calcd. C 49.34, H 4.71, N 13.08, S 5.99; found C 49.38, H 
4.68, N 13.00, S 6.13%. 
 
N-Isopropyl-N-(4-methoxyphenyl)-7a-methyl-7,7a-dihydro-3aH-[1,3]dioxino[4,5-
d]thiazol-2-amine (122d): According to GP-4, N-isopropyl-N-(4-methoxyphenyl)-5-
methylthiazol-2-amine (70b) (192 mg, 0.73 mmol) was treated 5 h with formaldehyde to give 
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122d (170 mg, 0.53 mmol, 72%) as a grey solid after flash chromatography (Et2O/hexane 2/1 









122d – TLC: Rf = 0.17 (Et2O/n-hexane 4:1). – mp 85°C (Et2O/n-hexane). – 1H NMR 
(400 MHz, CDCl3): δH = 1.10 (d, 3J = 7.0 Hz, 3H, CHCH3), 1.13 (d, 3J = 6.5 Hz, 3H, 
CHCH3), 1.46 (s, 3H, CCH3), 3.63 (d, 2J = 12.5 Hz, 1H, CHHCCH3), 3.81 (s, 3H, OCH3), 
3.98 (d, 2J = 12.4 Hz, 1H, CHHCCH3), 4.77 (d, 2J = 6.0 Hz, 1H, OCHHO), 4.85 (sept, br, 
3J = 7.0 Hz, 1H, CH(CH3)2), 5.18 (d, 2J = 6.0 Hz, 1H, OCHHO), 5.28 (s, 1H, NCH-O), 6.86 
(d, J = 9.0 Hz, 2H, arom.), 7.09 (d, J = 9.0 Hz, 2H, arom.) ppm. – 13C NMR 
(100 MHz, CDCl3): δC = 20.81 (q, CH(CH3)2), 20.92 (q, CH(CH3)2), 22.00 (q, SCCH3), 
50.82 (d, NCH(CH3)2), 55.34 (q, OCH3), 56.55 (s, SCCH3), 71.75 (t, CH2CCH3), 88.80 (t, 
OCH2O), 101.95 (d, NCH-O), 113.87 (d, arom.), 131.93 (d, arom.), 132.08 (s, NCarom), 
159.49 (s, CaromOCH3), 165.61 (s, N=CS) ppm. – IR (KBr): ṽ = 2976 (w), 2963 (w), 2917 (w), 
2850 (w), 1608 (w), 1569 (s), 1511 (s) cm–1. – C16H22N2O3S (322.42): calcd. C 59.60, H 6.88, 
N 8.69, S 9.95; found C 59.33, H 6.81, N 8.68, S 10.09%. 
5.23. Synthesis of N-Benzyl-N,4,5-trimethylthiazol-2-amine (123) and 
5-(2-Methoxyethyl)-2-methylthiazole (125c) 
N-Benzyl-N,4,5-trimethylthiazol-2-amine (123): A suspenion of 1-benzyl-1-methylthiourea 
(116) (3.05 g, 16.9 mmol) in EtOH (60 mL) was heated to reflux and a solution of 3-
chlorobutan-2-one (41a) (2.16 g, 20.3 mmol) in EtOH (50 mL) was added slowly. After 
further heating to reflux for 3 h, the mixture was cooled to room temperature, poured into ice 
water (100 mL) and basified with concentrated ammonia solution. The aqueous phase was 
extracted with Et2O (3 x 100 mL) and the combined organic phases were dried over MgSO4. 
The solvent was removed under reduced pressure and the crude product was purified by 
filtration over a short column of silica (Et2O/n-hexane 1/3, v/v) to give N-benzyl-N,4,5-






123 – 1H NMR (400 MHz, CDCl3, TMS): δH = 2.15 (s, 3H, 4-Me), 2.19 (s, 3H, 5-Me), 2.97 
(s, 3H, N-Me), 4.59 (s, 2H, CH2Ph), 7.22 – 7.28 (m, 3H, Ph), 7.28 – 7.35 (m, 2H, Ph) ppm. – 
13C NMR (100 MHz, CDCl3): δC = 11.06 (q, 5-Me), 14.76 (q, 4-Me), 37.51 (q, N-Me), 56.28 
(t, CH2Ph), 112.99 (s, C-5), 127.34 (d, Cpara), 127.56 (d, arom.), 128.53 (d, arom.), 137.12 (s, 
Cipso), 143.78 (s, C-4), 167.48 (s, N=CS) ppm. Assignement by gHSQCAD. – IR (CCl4): ṽ = 
3030 (w), 2920 (m), 2861 (w), 1541 (s) cm–1. – HR MS (ESI): calcd. for: C13H16N2S 
([M+H]+): 233.1107, found 231.1075. 
 
5-(2-Methoxyethyl)-2-methylthiazole (125c): 2-(2-Methylthiazol-5-yl)ethanol 125b 
(159 mg, 1.11 mmol) and NaH (40 mg, 1.67 mmol) were suspended in dry THF (10 mL) and 
stirred for 1 h at room temperature. The mixture was cooled to 0°C and MeI (237 mg, 
1.67 mmol) in dry THF (5 mL) was added. After stirring overnight at room temperature, the 
solvent was removed under reduced pressure and flash chromatography (Et2O/n-hexane 1/2 to 






125c – TLC: Rf = 0.20 (Et2O/n-hexane 1:1). – 1H NMR (400 MHz, CDCl3): δH = 2.59 (s, 
3H, CaromCH3), 2.95 (t, J = 6.5 Hz, 2H, CH2CH2OCH3), 3.30 (s, 3H, OCH3), 3.51 (t, 
J = 6.5 Hz, 2H, CH2CH2OCH3), 7.28 (s, 1H, CH=CCH2) ppm. – 13C NMR 
(100 MHz, CDCl3): δC = 18.93 (q, CaromCH3), 27.42 (t, CH2CH2OCH3), 58.47 (q, OCH3), 
72.45 (t, CH2CH2OCH3), 134.90 (s, CH=CCH2), 139.45 (d, CH=CCH2), 164.84 (s, N=CS) 
ppm. – IR (CDCl3): ν = 2988 (m), 2929 (s), 2879 (s), 2830 (m) cm–1. – HR-MS (ESI): calcd. 
for: C7H11NOS ([M+H]+): 158.0634, found 158.0669. 
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5.24. X-Ray Data  
Table 26a: Crystal data and structure refinement details of compounds 76b, 35b, and 35d.a 
 76b 35b 35d 
Empirical formula C16H12N4O2S2 C16H17N3S2 C16H17N3O2S2 
Formula weight 356.42 315.46 347.46 
Temperature 110.00(10) K 107(1) K 107.3(8) K 
Wavelength 0.71073 Å 0.71073 Å 0.71073 Å 
Crystal system Monoclinic Triclinic Orthorhombic 
Space group P21/c P 1¯ Pbca 
Unit cell dimensions a = 14.6245(7) Å a = 7.5232(4) Å a = 10.9331(3) Å 
 b = 11.2068(5) Å b = 9.6954(6) Å b = 15.9220(5) Å 
 c = 9.9963(5) Å c = 21.6674(13) Å c = 18.4077(6) Å 
   = 79.452(5)°  
  = 104.715(5)°  = 88.826(5)°  
   = 81.922(5)°  
Volume 1584.60(14) Å3 1538.28(16) Å3 3204.35(17) Å3 
Z 4 4 8 
Density (calculated) 1.494 Mg/m3 1.362 Mg/m3 1.440 Mg/m3 
Absorption coefficient 0.353 mm–1 0.343 mm–1 0.345 mm–1 
F(000) 736 664 1456 
Crystal size 0.4 x 0.2 x 0.2 mm3 0.4 x 0.3 x 0.2 mm3 0.4 x 0.4 x 0.1 mm3 
Theta range for data 
collection 3.37 to 26.00° 2.89 to 25.50° 2.89 to 25.49° 
Index ranges 
–18 ≤ h ≤ 18,  
–13 ≤ k ≤ 13,  
–11 ≤ l ≤ 12 
–9 ≤ h ≤ 8,  
–11 ≤ k ≤ 11,  
–21 ≤ l ≤ 26 
–11 ≤ h ≤ 13,  
–19 ≤ k ≤ 19,  
–22 ≤ l ≤ 22 
Reflections collected 6298 11327 20787 
Independent reflections 3092 [Rint = 0.0247] 
5686 
[Rint = 0.0251] 
2986 
[Rint = 0.0308] 
Completeness to 
Thetamax 
99.1 % 99.5 %  99.8 %  





Max. and min. 
transmission 1 and 0.98730 1 and 0. 95663 1 and 0.91457 
Refinement method Full-matrix least-squares on F2 
Full-matrix least-
squares on F2 
Full-matrix least-
squares on F2 
Data / restraints / 
parameters 3092 / 0 / 219 5686 / 0 / 387 2986 / 0 / 223 
Goodness-of-fit on F2 1.033 1.039 1.082 
Final R indicesb 
[I > 2sigma(I)]c 
R1 = 0.0501, 
wR2 = 0.1269 
R1 = 0.0346, 
wR2 = 0.0807 
R1 = 0.0345, 
wR2 = 0.0756 
R indices (all data)b,c R1 = 0.0599, wR2 = 0.1341 
R1 = 0.0435, 
wR2 = 0.0847 
R1 = 0.0388, 
wR2 = 0.0773 
Extinction coefficient n/a n/a n/a 




Table 26b: Crystal data and structure refinement details of compounds 107b, and 122c.a 
 107b Picrate of 122c 
Empirical formula C27H29N3O2S2 C22H25N5O9S 
Formula weight 491.65 535.53 
Temperature 110 K 110 K 
Wavelength 0.71073 Å 1.54184 Å 
Crystal system Monoclinic Triclinic 
Space group P21/n P 1¯ 
Unit cell dimensions a = 17.5686(6) Å a = 7.2402(4) Å 
 b = 7.9831(3) Å b = 11.3934(5) Å 
 c = 18.1888(6) Å c = 15.1933(8) Å 
   = 94.143(4)° 
  = 100.044(3)° = 95.077(4)° 
   = 99.874(4)° 
Volume 2511.92(15) Å3 1225.00(11) Å3 
Z 4 2 
Density (calculated) 1.300 Mg/m3 1.452 Mg/m3 
Absorption coefficient 0.241 mm–1 1.725 mm–1 
F(000) 1040 560 
Crystal size 0.4 x 0.3 x 0.2 mm3 0.35 x 0.2 x 0.05 mm3 
Theta range for data 
collection 2.954 to 24.999° 2.932 to 65.493° 
Index ranges 
–19 ≤ h ≤ 20,  
–9 ≤ k ≤ 9,  
–20 ≤ l ≤ 21 
–5 ≤ h ≤ 8,  
–13 ≤ k ≤ 13,  
–17 ≤ l ≤ 17 
Reflections collected 10552 7152 
Independent reflections 4414 [Rint = 0.0338] 
4217 
[Rint = 0.0179] 
Completeness to 
Thetamax 
99.6 % 99.8 %  
Absorption correction Semi-empirical from equivalents 
Semi-empirical from 
equivalents 
Max. and min. 
transmission 1 and 0.85137 1 and 0.86852 
Refinement method Full-matrix least-squares on F2 
Full-matrix least-
squares on F2 
Data / restraints / 
parameters 4414 / 1 / 312 4217 / 0 / 342 
Goodness-of-fit on F2 1.047 1.060 
Final R indicesb 
[I > 2sigma(I)]c 
R1 = 0.0411, 
wR2 = 0.0927 
R1 = 0.0400, 
wR2 = 0.1050 
R indices (all data)b,c R1 = 0.0565, wR2 = 0.0990 
R1 = 0.0467, 
wR2 = 0.1096 
Extinction coefficient n/a n/a 
Largest diff. peak and hole 0.289 and –0.288 e.Å–3 0.557 and –0.372 e.Å–3 
















coR   with w
F g P g P
P F F
o






 ( ) ( ) ;
(max( , ) ) . 
  
 109
5.25. Additional Information on Crystal Growth and X-Ray Diffraction 
 
Yellow, cube-like crystals of thiazole 76b were obtained by evaporation of a chloroform 
solution containing 76b at 25°C. Crystal structure analysis: data collection was performed at 
110.00(10) K with Mo K radiation (= 0.71073 Å) with an Oxford Gemini S 
diffractometer. Of 6298 collected reflections, 3092 were independent (Rint = 0.0247). The 
structure was solved by direct methods and refined by full-matrix least-squares methods on F2 
with the SHELXTL-97 program package.[83] Crystal data for C16H12N4O2S2 (76b): M = 
356.42 g·mol–1, monoclinic, P21/c, a = 14.6245(7), b = 11.2068(5), c = 9.9963(5) Å, β = 
104.715(5), V = 1584.60(14) Å3, Z = 4, c = 1.494 g·cm–3, μ = 0.353 mm–1, R1 = 0.0599 (all 
data), wR2 = 0.1341 (all data) and goodness-of-fit on F2 is 1.033. Crystallographic data incl. 
bond lengths, bond and torsion angles have been deposited with the Cambridge 
Crystallographic Data Centre (CCDC-975356). 
 
Colorless, prism-like crystals of thiazole 35b were obtained by evaporation of a 
dichloromethane/n-hexane solution containing 35b at 25°C. Crystal structure analysis: data 
collection was performed at 107(1) K with Mo K radiation ( = 0.71073 Å) with an Oxford 
Gemini S diffractometer. Of 11327 collected reflections, 5686 were independent (Rint = 
0.0251). The structure was solved by direct methods and refined by full-matrix least-squares 
methods on F2 with the SHELXTL-97 program package.[83] Crystal data for C16H17N3S2 (35b): 
M = 315.45 g·mol–1, triclinic, P 1¯, a = 7.5232(4), b = 9.6954(6), c = 21.6674(13) Å,  = 
79.452(5), β = 88.826(5),  = 81.922(5), V = 1538.28(16) Å3, Z = 4, c = 1.362 g·cm–3, μ = 
0.343 mm–1, R1 = 0.0435 (all data), wR2 = 0.0847 (all data) and goodness-of-fit on F2 is 1.039.  
 
Yellow needle-like crystals of thiazole 35d were obtained by evaporation of a 
dichloromethane/n-hexane solution containing 35d at 25°C. Crystal structure analysis: data 
collection was performed at 107.3(8) K with Mo K radiation ( = 0.71073 Å) with an 
Oxford Gemini S diffractometer. Of 20787 collected reflections, 2986 were independent (Rint 
= 0.0308). The structure was solved by direct methods and refined by full-matrix least-
squares methods on F2 with the SHELXTL-97 program package.[83] Crystal data for 
C16H17N3O2S2 (35d): M = 347.45 g·mol–1, orthorhombic, Pbca, a = 10.9331(3), b = 
15.9220(5), c = 19.4077(6) Å, V = 3204.35(17) Å3, Z = 8, c = 1.440 g·cm–3, μ = 0.345mm–1, 




Figure 26: ORTEP diagram (55% ellipsoid probability) of the molecular structure of thiazole 
35d with disorder of C8 (occupation 0.63) to C8’ (0.37). 
 
Colorless, prism-like crystals of thiazole 107b were obtained by recrystallisaton from toluene. 
Crystal structure analysis: data collection was performed at 110 K with Mo K radiation ( = 
0.71073 Å) with an Oxford Gemini S diffractometer. Of 10552 collected reflections, 4414 
were independent (Rint = 0.0338). The structure was solved by direct methods and refined by 
full-matrix least-squares methods on F2 with the SHELXTL-97 program package.[83] Crystal 
data for C27H29N3O2S2 (107b): M = 491.65 g·mol–1, monoclinic, P21/n, a = 17.5686(6), b = 
7.9831(3), c = 18.1888(6) Å, β = 100.044(3), V = 2511.92(15) Å3, Z = 4, c = 1.300 g·cm–3, μ 
= 0.241 mm–1, R1 = 0.0565 (all data), wR2 = 0.0990 (all data) and goodness-of-fit on F2 is 
1.047.  
 
Yellow, needle-like crystals of the picrate of 122c were obtained by evaporation of a 
dichloromethane/n-hexane solution containing the picrate of 122c at 25°C. Crystal structure 
analysis: data collection was performed at 110 K with Cu K radiation ( = 1.54184 Å) with 
an Oxford Gemini S diffractometer. Of 7152 collected reflections, 4217 were independent 
(Rint = 0.0179). The structure was solved by direct methods and refined by full-matrix least-
squares methods on F2 with the SHELXTL-97 program package.[83] Crystal data for 
C22H25N5O9S (picrate of 122c): M = 535.53 g·mol–1, triclinic, P 1¯ , a = 7.2402(4), b = 
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11.3934(5), c = 15.1933(8) Å, = 94.143(4), β = 95.077(4), = 99.874(4), V = 1225.00(11) 
Å3, Z = 2, c = 1.452 g·cm–3, μ = 1.725 mm–1, R1 = 0.0467 (all data), wR2 = 0.1096 (all data) 
and goodness-of-fit on F2 is 1.060. 
 
[83] (a) G.M. Sheldrick, SHELXS-97, Program for Crystal Structure Solution, University of 
Göttingen, Göttingen, Germany, 1997. 
(b) G.M. Sheldrick, SHELXL-97, Program for Crystal Structure Refinement, University of 
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1H NMR Spectrum of 2,6-Dimethyl-N-[5-methyl-3-(5-methylthiazol-2-yl)thiazol-2(3H)-




13C-{1H} NMR Spectrum of 2,6-Dimethyl-N-[5-methyl-3-(5-methylthiazol-2-yl)thiazol-




1H NMR Spectrum of N-[5,5'-Dimethyl-2'H-(2,3'-bithiazol)-2'-ylidene]-4-methoxyaniline 




13C-{1H} NMR Spectrum of N-[5,5'-Dimethyl-2'H-(2,3'-bithiazol)-2'-ylidene]-4-




1H NMR Spectrum of 2,6-Dimethoxy-N-[5-methyl-3-(5-methylthiazol-2-yl)thiazol-2(3H)-




13C-{1H} NMR Spectrum of 2,6-Dimethoxy-N-[5-methyl-3-(5-methylthiazol-2-yl)thiazol-



























































13C-{1H} NMR Spectrum of  N-Isopropyl-N-(4-methoxyphenyl)-5-methylthiazol-2-amine 









13C-{1H} NMR Spectrum of N-(2,6-Dimethylphenyl)-N-isopropyl-5-methylthiazol-2-amine 



















13C-{1H} NMR Spectrum of 4-[Isopropyl(4-methoxyphenylamino]-3-methylazete-2(3H)-









13C-{1H} NMR Spectrum of 2,2,6,6-Tetramethyl-1-(5-methylthiazol-2-yl)piperidin-4-one 














1H NMR Spectrum of 5-Methyl-2-(2,2,6,6-tetramethyl-1,2,3,6-tetrahydropyridin-1-yl)thiazole 




13C-{1H} NMR Spectrum of 5-Methyl-2-(2,2,6,6-tetramethyl-1,2,3,6-tetrahydropyridin-1-





























13C-{1H} NMR Spectrum of O-Dimethylamino N-propa-1,2-dienylthiocarbamat (78a) in 














1H NMR Spectrum of 2,2,6,6-Tetramethyl-1-[5-(3-nitro-2-phenylpropyl)thiazol-2-




13C-{1H} NMR Spectrum of 2,2,6,6-Tetramethyl-1-[5-(3-nitro-2-phenylpropyl)thiazol-2-




1H NMR Spectrum of 1-[5-(2-Hydroxy-2-phenylethyl)thiazol-2-yl]-2,2,6,6-




13C-{1H} NMR Spectrum of 1-[5-(2-Hydroxy-2-phenylethyl)thiazol-2-yl]-2,2,6,6-




1H NMR Spectrum of 1-{5-[2-(4-Chlorophenyl)-2-hydroxyethyl]thiazol-2-yl}-2,2,6,6-




13C-{1H} NMR Spectrum of1-{5-[2-(4-Chlorophenyl)-2-hydroxyethyl]thiazol-2-yl}-2,2,6,6-




1H NMR Spectrum of 1-{5-[2-Hydroxy-2-(perfluorophenyl)ethyl]thiazol-2-yl}-2,2,6,6-




13C-{1H} NMR Spectrum of 1-{5-[2-Hydroxy-2-(perfluorophenyl)ethyl]thiazol-2-yl}-2,2,6,6-




1H NMR Spectrum of 1-{5-[2-Hydroxy-2-(4-nitrophenyl)ethyl]thiazol-2-yl}-2,2,6,6-




13C-{1H} NMR Spectrum of 1-{5-[2-Hydroxy-2-(4-nitrophenyl)ethyl]thiazol-2-yl}-2,2,6,6-




1H NMR Spectrum of 1-{5-[2-(2,4-Dinitrophenyl)-2-hydroxyethyl]thiazol-2-yl}-2,2,6,6-




13C-{1H} NMR Spectrum of 1-{5-[2-(2,4-Dinitrophenyl)-2-hydroxyethyl]thiazol-2-yl}-














1H NMR Spectrum of N-(2,6-Dimethylphenyl)-5-(3-nitro-2-phenylpropyl)thiazol-2-amine 




13C-{1H} NMR Spectrum of N-(2,6-Dimethylphenyl)-5-(3-nitro-2-phenylpropyl)thiazol-2-
























1H NMR Spectrum of N-tert-Butyl-N-isopropyl-5-(3-nitro-2-phenylpropyl)thiazol-2-amine 




13C-{1H} NMR Spectrum of N-tert-Butyl-N-isopropyl-5-(3-nitro-2-phenylpropyl)thiazol-2-









13C-{1H} NMR Spectrum of N-Isopropyl-5-(3-nitro-2-phenylpropyl)-N-phenylthiazol-2-














1H NMR Spectrum of N-Isopropyl-5-(3-nitro-2-phenylpropyl)-N-(p-tolyl)thiazol-2-amine 




13C-{1H} NMR Spectrum of N-Isopropyl-5-(3-nitro-2-phenylpropyl)-N-(p-tolyl)thiazol-2-




1H NMR Spectrum of N-Isopropyl-N-(4-methoxyphenyl)-5-(3-nitro-2-phenylpropyl)thiazol-




13C-{1H} NMR Spectrum of N-Isopropyl-N-(4-methoxyphenyl)-5-(3-nitro-2-









13C-{1H} NMR Spectrum of N-Methyl-5-(3-nitro-2-phenylpropyl)-N-phenylthiazol-2-amine 




1H NMR Spectrum of N,N-Diisopropyl-5-nitro-6-phenyl-4-vinyl-5,6-dihydro-4H-1,3-thiazin-




13C-{1H} NMR Spectrum of N,N-Diisopropyl-5-nitro-6-phenyl-4-vinyl-5,6-dihydro-4H-1,3-









13C-{1H} NMR Spectrum of 2-[2-(tert-Butylisopropylamino)thiazol-5-yl]-1-phenylethanol 




1H NMR Spectrum of N-tert-Butyl-N-isopropyl-5-[2-(5-methylthiazol-2-yloxy)-2-




13C-{1H} NMR Spectrum of N-tert-Butyl-N-isopropyl-5-[2-(5-methylthiazol-2-yloxy)-2-














1H NMR Spectrum of N-{1-Phenyl-2-[2-(2,2,6,6-tetramethyl-4-oxopiperidin-1-yl)thiazol-5-




13C-{1H} NMR Spectrum of N-{1-Phenyl-2-[2-(2,2,6,6-tetramethyl-4-oxopiperidin-1-




1H NMR Spectrum of N-{2-[2’-(N-Isopropyl-N-p-tolylamino)thiazol-5’-yl]-1-




13C-{1H} NMR Spectrum of N-{2-[2’-(N-Isopropyl-N-p-tolylamino)thiazol-5’-yl]-1-





























13C-{1H} NMR Spectrum of 2-Bromoallyl benzyl(methyl)carbamimidothioate hydrobromide 
























1H NMR Spectrum of N-Benzyl-N,7a-dimethyl-7,7a-dihydro-3aH-[1,3]dioxino[4,5-d]thiazol-




13C-{1H} NMR Spectrum of N-Benzyl-N,7a-dimethyl-7,7a-dihydro-3aH-[1,3]dioxino[4,5-




1H NMR Spectrum of N,N-Diethyl-7a-methyl-7,7a-dihydro-3aH-[1,3]dioxino[4,5-d]thiazol-2-




13C-{1H} NMR Spectrum of N,N-Diethyl-7a-methyl-7,7a-dihydro-3aH-[1,3]dioxino[4,5-




1H NMR Spectrum of N-Isopropyl-7a-methyl-N-p-tolyl-7,7a-dihydro-3aH-[1,3]dioxino[4,5-




13C-{1H} NMR Spectrum of N-Isopropyl-7a-methyl-N-p-tolyl-7,7a-dihydro-3aH-














1H NMR Spectrum of N-Isopropyl-N-(4-methoxyphenyl)-7a-methyl-7,7a-dihydro-3aH-




13C-{1H} NMR Spectrum of N-Isopropyl-N-(4-methoxyphenyl)-7a-methyl-7,7a-dihydro-3aH-
























Additional Crystallographic Data for 2,6-Dimethyl-N-[5-methyl-3-(5-methylthiazol-2-
yl)thiazol-2(3H)-ylidene]aniline (35b): 
 
Bond Lengths [A] for 35b 
 
C(1)-C(2)   1.504(3)  C(1)-H(1A)   0.9600 
C(1)-H(1B)   0.9600   C(1)-H(1C)   0.9600 
C(2)-C(3)   1.397(3)  C(2)-C(7)   1.402(3) 
C(3)-C(4)   1.382(3)  C(3)-H(3)   0.9300 
C(4)-C(5)   1.383(3)  C(4)-H(4)   0.9300 
C(5)-C(6)   1.392(3)  C(5)-H(5)   0.9300 
C(6)-C(7)   1.397(3)  C(6)-C(8)   1.507(3) 
C(7)-N(1)   1.431(2)  C(8)-H(8A)   0.9600 
C(8)-H(8B)   0.9600   C(8)-H(8C)   0.9600 
C(9)-N(1)   1.268(2)  C(9)-N(2)   1.392(2) 
C(9)-S(1)   1.7698(19)  C(10)-C(11)   1.327(3) 
C(10)-N(2)   1.405(2)  C(10)-H(10)   0.9300 
C(11)-C(12)   1.491(3)  C(11)-S(1)   1.7662(19) 
C(012)-N(6)   1.296(2)  C(012)-N(5)   1.398(2) 
C(012)-S(4)   1.7334(18)  C(12)-H(12A)   0.9600 
C(12)-H(12B)   0.9600   C(12)-H(12C)   0.9600 
C(13)-N(3)   1.299(2)  C(13)-N(2)   1.397(2) 
C(13)-S(2)   1.7364(18)  C(14)-C(15)   1.351(3) 
C(14)-N(3)   1.376(2)  C(14)-H(14)   0.9300 
C(15)-C(16)   1.489(3)  C(15)-S(2)   1.7377(18) 
C(16)-H(16A)   0.9600   C(16)-H(16B)   0.9600 
C(16)-H(16C)   0.9600   C(17)-C(18)   1.508(3) 
C(17)-H(17A)   0.9600   C(17)-H(17B)   0.9600 
C(17)-H(17C)   0.9600   C(18)-C(19)   1.384(3) 
C(18)-C(23)   1.401(3)  C(19)-C(20)   1.381(3) 
C(19)-H(19)   0.9300   C(20)-C(21)   1.384(3) 
C(20)-H(20)   0.9300   C(21)-C(22)   1.395(3) 
C(21)-H(21)   0.9300   C(22)-C(23)   1.404(3) 
C(22)-C(24)   1.503(3)  C(23)-N(4)   1.420(2) 
C(24)-H(24A)   0.9600   C(24)-H(24B)   0.9600 
C(24)-H(24C)   0.9600   C(25)-N(4)   1.266(2) 
C(25)-N(5)   1.390(2)  C(25)-S(3)   1.7747(19) 
C(26)-C(27)   1.331(3)  C(26)-N(5)   1.405(2) 
C(26)-H(26)   0.9300   C(27)-C(28)   1.490(3) 
  
 A-121
C(27)-S(3)   1.7628(19)  C(28)-H(28A)   0.9600 
C(28)-H(28B)   0.9600   C(28)-H(28C)   0.9600 
C(29)-C(30)   1.349(3)  C(29)-N(6)   1.382(2) 
C(29)-H(29)   0.9300   C(30)-C(31)   1.496(3) 
C(30)-S(4)   1.7419(19)  C(31)-H(31A)   0.9600 
C(31)-H(31B)   0.9600   C(31)-H(31C)   0.9600 
 
Bond Angles [deg] for 35b 
 
C(2)-C(1)-H(1A)  109.5   C(2)-C(1)-H(1B)  109.5 
H(1A)-C(1)-H(1B)  109.5   C(2)-C(1)-H(1C)  109.5 
H(1A)-C(1)-H(1C)  109.5   H(1B)-C(1)-H(1C)  109.5 
C(3)-C(2)-C(7)   117.83(17)  C(3)-C(2)-C(1)   120.63(17) 
C(7)-C(2)-C(1)   121.53(17)  C(4)-C(3)-C(2)   121.24(17) 
C(4)-C(3)-H(3)   119.4   C(2)-C(3)-H(3)   119.4 
C(3)-C(4)-C(5)   119.95(17)  C(3)-C(4)-H(4)   120.0 
C(5)-C(4)-H(4)   120.0   C(4)-C(5)-C(6)   120.85(17) 
C(4)-C(5)-H(5)   119.6   C(6)-C(5)-H(5)   119.6 
C(5)-C(6)-C(7)   118.53(16)  C(5)-C(6)-C(8)   120.89(17) 
C(7)-C(6)-C(8)   120.58(16)  C(6)-C(7)-C(2)   121.60(16) 
C(6)-C(7)-N(1)   118.18(16)  C(2)-C(7)-N(1)   120.16(16) 
C(6)-C(8)-H(8A)  109.5   C(6)-C(8)-H(8B)  109.5 
H(8A)-C(8)-H(8B)  109.5   C(6)-C(8)-H(8C)  109.5 
H(8A)-C(8)-H(8C)  109.5   H(8B)-C(8)-H(8C)  109.5 
N(1)-C(9)-N(2)   123.46(17)  N(1)-C(9)-S(1)   127.90(14) 
N(2)-C(9)-S(1)   108.64(12)  C(11)-C(10)-N(2)  114.74(17) 
C(11)-C(10)-H(10)  122.6   N(2)-C(10)-H(10)  122.6 
C(10)-C(11)-C(12)  128.68(18)  C(10)-C(11)-S(1)  111.08(14) 
C(12)-C(11)-S(1)  120.22(15)  N(6)-C(012)-N(5)  121.23(16) 
N(6)-C(012)-S(4)  116.54(14)  N(5)-C(012)-S(4)  122.23(13) 
C(11)-C(12)-H(12A)  109.5   C(11)-C(12)-H(12B)  109.5 
H(12A)-C(12)-H(12B)  109.5   C(11)-C(12)-H(12C)  109.5 
H(12A)-C(12)-H(12C)  109.5   H(12B)-C(12)-H(12C)  109.5 
N(3)-C(13)-N(2)  120.99(16)  N(3)-C(13)-S(2)  115.91(14) 
N(2)-C(13)-S(2)  123.05(13)  C(15)-C(14)-N(3)  117.24(16) 
C(15)-C(14)-H(14)  121.4   N(3)-C(14)-H(14)  121.4 
C(14)-C(15)-C(16)  128.62(17)  C(14)-C(15)-S(2)  109.08(14) 
C(16)-C(15)-S(2)  122.30(14)  C(15)-C(16)-H(16A)  109.5 
C(15)-C(16)-H(16B)  109.5   H(16A)-C(16)-H(16B)  109.5 
C(15)-C(16)-H(16C)  109.5   H(16A)-C(16)-H(16C)  109.5 
H(16B)-C(16)-H(16C)  109.5   C(18)-C(17)-H(17A)  109.5 
C(18)-C(17)-H(17B)  109.5   H(17A)-C(17)-H(17B)  109.5 
C(18)-C(17)-H(17C)  109.5   H(17A)-C(17)-H(17C)  109.5 
H(17B)-C(17)-H(17C)  109.5   C(19)-C(18)-C(23)  118.91(17) 
C(19)-C(18)-C(17)  120.96(18)  C(23)-C(18)-C(17)  120.13(17) 
C(20)-C(19)-C(18)  120.99(18)  C(20)-C(19)-H(19)  119.5 
C(18)-C(19)-H(19)  119.5   C(19)-C(20)-C(21)  119.72(18) 
C(19)-C(20)-H(20)  120.1   C(21)-C(20)-H(20)  120.1 
C(20)-C(21)-C(22)  121.36(18)  C(20)-C(21)-H(21)  119.3 
C(22)-C(21)-H(21)  119.3   C(21)-C(22)-C(23)  117.91(18) 
C(21)-C(22)-C(24)  120.52(17)  C(23)-C(22)-C(24)  121.54(17) 
C(18)-C(23)-C(22)  121.08(17)  C(18)-C(23)-N(4)  118.19(16) 
C(22)-C(23)-N(4)  120.51(16)  C(22)-C(24)-H(24A)  109.5 
C(22)-C(24)-H(24B)  109.5   H(24A)-C(24)-H(24B)  109.5 
C(22)-C(24)-H(24C)  109.5   H(24A)-C(24)-H(24C)  109.5 
  
 A-122
H(24B)-C(24)-H(24C)  109.5   N(4)-C(25)-N(5)  121.71(17) 
N(4)-C(25)-S(3)  129.90(15)  N(5)-C(25)-S(3)  108.38(12) 
C(27)-C(26)-N(5)  114.68(17)  C(27)-C(26)-H(26)  122.7 
N(5)-C(26)-H(26)  122.7   C(26)-C(27)-C(28)  128.37(18) 
C(26)-C(27)-S(3)  110.99(14)  C(28)-C(27)-S(3)  120.63(14) 
C(27)-C(28)-H(28A)  109.5   C(27)-C(28)-H(28B)  109.5 
H(28A)-C(28)-H(28B)  109.5   C(27)-C(28)-H(28C)  109.5 
H(28A)-C(28)-H(28C)  109.5   H(28B)-C(28)-H(28C)  109.5 
C(30)-C(29)-N(6)  117.42(17)  C(30)-C(29)-H(29)  121.3 
N(6)-C(29)-H(29)  121.3   C(29)-C(30)-C(31)  130.03(17) 
C(29)-C(30)-S(4)  108.97(14)  C(31)-C(30)-S(4)  120.99(14) 
C(30)-C(31)-H(31A)  109.5   C(30)-C(31)-H(31B)  109.5 
H(31A)-C(31)-H(31B)  109.5   C(30)-C(31)-H(31C)  109.5 
H(31A)-C(31)-H(31C)  109.5   H(31B)-C(31)-H(31C)  109.5 
C(9)-N(1)-C(7)   17.95(15)  C(9)-N(2)-C(13)  123.49(15) 
C(9)-N(2)-C(10)  114.10(15)  C(13)-N(2)-C(10)  121.60(15) 
C(13)-N(3)-C(14)  109.28(15)  C(25)-N(4)-C(23)  121.92(16) 
C(25)-N(5)-C(012)  123.24(15)  C(25)-N(5)-C(26)  114.38(15) 
C(012)-N(5)-C(26)  122.14(15)  C(012)-N(6)-C(29)  108.77(15) 
C(11)-S(1)-C(9)  91.37(9)  C(13)-S(2)-C(15)  88.49(9) 
C(27)-S(3)-C(25)  91.56(9)  C(012)-S(4)-C(30)  88.29(9) 
 
Torsion Angles [deg] for 35b 
 
C(7)-C(2)-C(3)-C(4)  0.5(3)   C(1)-C(2)-C(3)-C(4)  179.81(16) 
C(2)-C(3)-C(4)-C(5)  0.0(3)   C(3)-C(4)-C(5)-C(6)  -0.3(3) 
C(4)-C(5)-C(6)-C(7)  0.2(3)   C(4)-C(5)-C(6)-C(8)  179.88(17) 
C(5)-C(6)-C(7)-C(2)  0.3(3)   C(8)-C(6)-C(7)-C(2)  -179.42(16) 
C(5)-C(6)-C(7)-N(1)  177.28(15)  C(8)-C(6)-C(7)-N(1)  -2.4(3) 
C(3)-C(2)-C(7)-C(6)  -0.6(3)   C(1)-C(2)-C(7)-C(6)  -179.92(17) 
C(3)-C(2)-C(7)-N(1)  -177.55(16)  C(1)-C(2)-C(7)-N(1)  3.1(3) 
N(2)-C(10)-C(11)-C(12) 177.74(18)  N(2)-C(10)-C(11)-S(1)  -0.3(2) 
N(3)-C(14)-C(15)-C(16) 178.54(17)  N(3)-C(14)-C(15)-S(2)  -0.7(2) 
C(23)-C(18)-C(19)-C(20) -0.2(3)   C(17)-C(18)-C(19)-C(20) 179.86(18) 
C(18)-C(19)-C(20)-C(21) -0.7(3)   C(19)-C(20)-C(21)-C(22) 0.2(3) 
C(20)-C(21)-C(22)-C(23) 1.0(3)   C(20)-C(21)-C(22)-C(24) -176.93(18) 
C(19)-C(18)-C(23)-C(22) 1.5(3)   C(17)-C(18)-C(23)-C(22) -178.53(18) 
C(19)-C(18)-C(23)-N(4) 176.07(16)  C(17)-C(18)-C(23)-N(4) -3.9(3) 
C(21)-C(22)-C(23)-C(18) -1.9(3)   C(24)-C(22)-C(23)-C(18) 176.05(17) 
C(21)-C(22)-C(23)-N(4) -176.37(16)  C(24)-C(22)-C(23)-N(4) 1.6(3) 
N(5)-C(26)-C(27)-C(28) -179.36(17)  N(5)-C(26)-C(27)-S(3)  -0.4(2) 
N(6)-C(29)-C(30)-C(31) 179.85(17)  N(6)-C(29)-C(30)-S(4)  -1.2(2) 
N(2)-C(9)-N(1)-C(7)  -175.72(16)  S(1)-C(9)-N(1)-C(7)  3.8(3) 
C(6)-C(7)-N(1)-C(9)  95.9(2)   C(2)-C(7)-N(1)-C(9)  -87.0(2) 
N(1)-C(9)-N(2)-C(13)  12.6(3)   S(1)-C(9)-N(2)-C(13)  -167.00(13) 
N(1)-C(9)-N(2)-C(10)  -177.64(16)  S(1)-C(9)-N(2)-C(10)  2.79(18) 
N(3)-C(13)-N(2)-C(9)  169.44(16)  S(2)-C(13)-N(2)-C(9)  -7.9(2) 
N(3)-C(13)-N(2)-C(10)  0.4(3)   S(2)-C(13)-N(2)-C(10)  -176.94(13) 
C(11)-C(10)-N(2)-C(9)  -1.7(2)   C(11)-C(10)-N(2)-C(13) 168.32(16) 
N(2)-C(13)-N(3)-C(14)  -177.20(16)  S(2)-C(13)-N(3)-C(14)  0.3(2) 
C(15)-C(14)-N(3)-C(13) 0.3(2)   N(5)-C(25)-N(4)-C(23)  -176.74(16) 
S(3)-C(25)-N(4)-C(23)  1.7(3)   C(18)-C(23)-N(4)-C(25) 107.5(2) 
C(22)-C(23)-N(4)-C(25) -77.8(2)  N(4)-C(25)-N(5)-C(012) 4.6(3) 
S(3)-C(25)-N(5)-C(012) -174.17(13)  N(4)-C(25)-N(5)-C(26)  179.00(16) 
S(3)-C(25)-N(5)-C(26)  0.22(18)  N(6)-C(012)-N(5)-C(25) 176.56(16) 
  
 A-123
S(4)-C(012)-N(5)-C(25) -2.4(2)   N(6)-C(012)-N(5)-C(26) 2.6(3) 
S(4)-C(012)-N(5)-C(26) -176.34(13)  C(27)-C(26)-N(5)-C(25) 0.1(2) 
C(27)-C(26)-N(5)-C(012) 174.59(16)  N(5)-C(012)-N(6)-C(29) -179.26(15) 
S(4)-C(012)-N(6)-C(29) -0.3(2)   C(30)-C(29)-N(6)-C(012) 0.9(2) 
C(10)-C(11)-S(1)-C(9)  1.61(15)  C(12)-C(11)-S(1)-C(9)  -176.62(16) 
N(1)-C(9)-S(1)-C(11)  178.00(17)  N(2)-C(9)-S(1)-C(11)  -2.46(13) 
N(3)-C(13)-S(2)-C(15)  -0.60(15)  N(2)-C(13)-S(2)-C(15)       176.86(16) 
C(14)-C(15)-S(2)-C(13) 0.68(14)  C(16)-C(15)-S(2)-C(13)     -178.61(16) 
C(26)-C(27)-S(3)-C(25) 0.47(14)  C(28)-C(27)-S(3)-C(25)     179.50(15) 
N(4)-C(25)-S(3)-C(27)  -179.02(18)  N(5)-C(25)-S(3)-C(27)       -0.38(13) 
N(6)-C(012)-S(4)-C(30) -0.30(15)  N(5)-C(012)-S(4)-C(30)     178.69(15) 
C(29)-C(30)-S(4)-C(012) 0.77(14)  C(31)-C(30)-S(4)-C(012)    179.88(15) 
 
Additional Crystallographic Data for 2,6-Dimethoxy-N-[5-methyl-3-(5-methylthiazol-2-
yl)thiazol-2(3H)-ylidene]aniline (35d): 
 
Bond Lengths [A] for 35d 
 
C(1)-O(1)   1.424(2)  C(1)-H(1A)   0.9600 
C(1)-H(1B)   0.9600   C(1)-H(1C)   0.9600 
C(2)-O(1)   1.368(2)  C(2)-C(3)   1.392(2) 
C(2)-C(7)   1.404(2)  C(3)-C(4)   1.384(3) 
C(3)-H(3)   0.9300   C(4)-C(5)   1.381(3) 
C(4)-H(4)   0.9300   C(5)-C(6)   1.386(3) 
C(5)-H(5)   0.9300   C(6)-O(2)   1.372(2) 
C(6)-C(7)   1.394(3)  C(7)-N(1)   1.415(2) 
C(8)-O(2)   1.430(5)  C(8)-H(8A)   0.9600 
C(8)-H(8B)   0.9600   C(8)-H(8C)   0.9600 
C(8')-O(2)   1.236(6)  C(8')-H(8'1)   0.9600 
C(8')-H(8'2)   0.9600   C(8')-H(8'3)   0.9600 
C(9)-N(1)   1.270(2)  C(9)-N(2)   1.389(2) 
C(9)-S(1)   1.7650(17)  C(10)-C(11)   1.325(2) 
C(10)-N(2)   1.402(2)  C(10)-H(10)   0.9300 
C(11)-C(12)   1.489(2)  C(11)-S(1)   1.7585(17) 
C(12)-H(12A)   0.9600   C(12)-H(12B)   0.9600 
C(12)-H(12C)   0.9600   C(13)-N(3)   1.300(2) 
C(13)-N(2)   1.392(2)  C(13)-S(2)   1.7320(17) 
C(14)-C(15)   1.347(3)  C(14)-N(3)   1.380(2) 
  
 A-124
C(14)-H(14)   0.9300   C(15)-C(16)   1.494(2) 
C(15)-S(2)   1.7392(18)  C(16)-H(16A)   0.9600 
C(16)-H(16B)   0.9600   C(16)-H(16C)   0.9600 
 
Bond Angles [deg] for 35d 
 
O(1)-C(1)-H(1A)  109.5   O(1)-C(1)-H(1B)  9.5 
H(1A)-C(1)-H(1B)  109.5   O(1)-C(1)-H(1C)  9.5 
H(1A)-C(1)-H(1C)  109.5   H(1B)-C(1)-H(1C)  9.5 
O(1)-C(2)-C(3)   124.34(16)  O(1)-C(2)-C(7)   5.07(16) 
C(3)-C(2)-C(7)   120.59(16)  C(4)-C(3)-C(2)   119.03(17) 
C(4)-C(3)-H(3)   120.5   C(2)-C(3)-H(3)   120.5 
C(5)-C(4)-C(3)   121.46(17)  C(5)-C(4)-H(4)   119.3 
C(3)-C(4)-H(4)   119.3   C(4)-C(5)-C(6)   119.24(18) 
C(4)-C(5)-H(5)   120.4   C(6)-C(5)-H(5)   120.4 
O(2)-C(6)-C(5)   122.25(17)  O(2)-C(6)-C(7)   116.73(17) 
C(5)-C(6)-C(7)   120.99(17)  C(6)-C(7)-C(2)   118.61(16) 
C(6)-C(7)-N(1)   119.58(16)  C(2)-C(7)-N(1)   121.61(16) 
O(2)-C(8)-H(8A)  109.5   O(2)-C(8)-H(8B)  109.5 
O(2)-C(8)-H(8C)  109.5   O(2)-C(8')-H(8'1)  109.5 
O(2)-C(8')-H(8'2)  109.5   H(8'1)-C(8')-H(8'2)  109.5 
O(2)-C(8')-H(8'3)  109.5   H(8'1)-C(8')-H(8'3)  109.5 
H(8'2)-C(8')-H(8'3)  109.5   N(1)-C(9)-N(2)   122.59(15) 
N(1)-C(9)-S(1)   128.71(14)  N(2)-C(9)-S(1)   108.69(12) 
C(11)-C(10)-N(2)  114.87(16)  C(11)-C(10)-H(10)  122.6 
N(2)-C(10)-H(10)  122.6   C(10)-C(11)-C(12)  128.46(16) 
C(10)-C(11)-S(1)  111.01(13)  C(12)-C(11)-S(1)  120.52(13) 
C(11)-C(12)-H(12A)  109.5   C(11)-C(12)-H(12B)  109.5 
H(12A)-C(12)-H(12B)  109.5   C(11)-C(12)-H(12C)  109.5 
H(12A)-C(12)-H(12C)  109.5   H(12B)-C(12)-H(12C)  109.5 
N(3)-C(13)-N(2)  120.80(15)  N(3)-C(13)-S(2)  116.20(13) 
N(2)-C(13)-S(2)  123.01(13)  C(15)-C(14)-N(3)  117.15(16) 
C(15)-C(14)-H(14)  121.4   N(3)-C(14)-H(14)  121.4 
C(14)-C(15)-C(16)  129.04(17)  C(14)-C(15)-S(2)  109.27(13) 
C(16)-C(15)-S(2)  121.68(14)  C(15)-C(16)-H(16A)  109.5 
C(15)-C(16)-H(16B)  109.5   H(16A)-C(16)-H(16B)  109.5 
C(15)-C(16)-H(16C)  109.5   H(16A)-C(16)-H(16C)  109.5 
H(16B)-C(16)-H(16C)  109.5   C(9)-N(1)-C(7)   117.97(15) 
C(9)-N(2)-C(13)  123.94(14)  C(9)-N(2)-C(10)  113.90(14) 
C(13)-N(2)-C(10)  122.06(14)  C(13)-N(3)-C(14)  109.03(15) 
C(2)-O(1)-C(1)   117.70(14)  C(8')-O(2)-C(6)  120.1(3) 
C(8')-O(2)-C(8)  33.1(4)   C(6)-O(2)-C(8)   116.9(2) 
C(11)-S(1)-C(9)  91.48(8)  C(13)-S(2)-C(15)  88.35(8) 
 
Torsion Angles [deg] for 35d 
 
O(1)-C(2)-C(3)-C(4)  178.35(17)  C(7)-C(2)-C(3)-C(4)  8(3) 
C(2)-C(3)-C(4)-C(5)  -1.1(3)   C(3)-C(4)-C(5)-C(6)  8(3) 
C(4)-C(5)-C(6)-O(2)  179.29(19)  C(4)-C(5)-C(6)-C(7)  1.3(3) 
O(2)-C(6)-C(7)-C(2)  178.84(17)  C(5)-C(6)-C(7)-C(2)  -3.1(3) 
O(2)-C(6)-C(7)-N(1)  3.9(3)   C(5)-C(6)-C(7)-N(1)  -178.07(17) 
O(1)-C(2)-C(7)-C(6)  -176.39(16)  C(3)-C(2)-C(7)-C(6)  2.8(3) 
O(1)-C(2)-C(7)-N(1)  -1.5(2)   C(3)-C(2)-C(7)-N(1)  177.67(16) 
N(2)-C(10)-C(11)-C(12) 178.04(16)  N(2)-C(10)-C(11)-S(1)  -0.67(19) 
N(3)-C(14)-C(15)-C(16) 179.09(17)  N(3)-C(14)-C(15)-S(2)  0.1(2) 
  
 A-125
N(2)-C(9)-N(1)-C(7)  -179.08(15)  S(1)-C(9)-N(1)-C(7)  2.2(2) 
C(6)-C(7)-N(1)-C(9)  -114.59(19)  C(2)-C(7)-N(1)-C(9)  70.6(2) 
N(1)-C(9)-N(2)-C(13)  7.0(3)   S(1)-C(9)-N(2)-C(13)  -174.04(12) 
N(1)-C(9)-N(2)-C(10)  -176.51(16)  S(1)-C(9)-N(2)-C(10)  2.43(17) 
N(3)-C(13)-N(2)-C(9)  171.38(16)  S(2)-C(13)-N(2)-C(9)  -8.4(2) 
N(3)-C(13)-N(2)-C(10)  -4.8(2)   S(2)-C(13)-N(2)-C(10)  175.39(12) 
C(11)-C(10)-N(2)-C(9)  -1.2(2)   C(11)-C(10)-N(2)-C(13) 175.35(15) 
N(2)-C(13)-N(3)-C(14)  -179.08(15)  S(2)-C(13)-N(3)-C(14)  0.73(19) 
C(15)-C(14)-N(3)-C(13) -0.5(2)   C(3)-C(2)-O(1)-C(1)  -8.0(3) 
C(7)-C(2)-O(1)-C(1)  171.13(17)  C(5)-C(6)-O(2)-C(8')  73.9(7) 
C(7)-C(6)-O(2)-C(8')  -108.1(7)  C(5)-C(6)-O(2)-C(8)  36.2(4) 
C(7)-C(6)-O(2)-C(8)  -145.7(3)  C(10)-C(11)-S(1)-C(9)  1.75(14) 
C(12)-C(11)-S(1)-C(9)  -177.08(14)  N(1)-C(9)-S(1)-C(11)  176.53(17) 
N(2)-C(9)-S(1)-C(11)  -2.33(12)  N(3)-C(13)-S(2)-C(15)  -0.58(14) 
N(2)-C(13)-S(2)-C(15)  179.23(15)  C(14)-C(15)-S(2)-C(13) 0.22(14) 
C(16)-C(15)-S(2)-C(13) -178.82(15) 
 
Additional Crystallographic Data for 2-[Bis(5-methylthiazol-2-yl)amino]isoindoline-1,3-
dione (76b): 
 
Bond Lengths [A] for 76b 
 
C(1)-O(1)   1.198(3)  C(1)-N(1)   1.398(3) 
C(1)-C(2)   1.480(3)  C(2)-C(3)   1.376(3) 
C(2)-C(7)   1.390(3)  C(3)-C(4)   1.374(3) 
C(3)-H(3)   0.9300   C(4)-C(5)   1.394(4) 
C(4)-H(4)   0.9300   C(5)-C(6)   1.381(3) 
C(5)-H(5)   0.9300   C(6)-C(7)   1.371(3) 
C(6)-H(6)   0.9300   C(7)-C(8)   1.482(3) 
C(8)-O(2)   1.197(3)  C(8)-N(1)   1.409(3) 
C(9)-N(3)   1.287(3)  C(9)-N(2)   1.404(3) 
C(9)-S(1)   1.724(2)  C(10)-C(11)   1.354(3) 
C(10)-N(3)   1.368(3)  C(10)-H(10)   0.9300 
C(11)-C(12)   1.483(3)  C(11)-S(1)   1.730(2) 
C(12)-H(12A)   0.9600   C(12)-H(12B)   0.9600 
C(12)-H(12C)   0.9600   C(13)-N(4)   1.288(3) 
C(13)-N(2)   1.382(3)  C(13)-S(2)   1.724(2) 
C(14)-C(15)   1.341(4)  C(14)-N(4)   1.382(3) 
C(14)-H(14)   0.9300   C(15)-C(16)   1.490(3) 
C(15)-S(2)   1.741(2)  C(16)-H(16A)   0.9600 
  
 A-126
C(16)-H(16B)   0.9600   C(16)-H(16C)   0.9600 
N(1)-N(2)   1.383(3) 
 
Bond Angles [deg] for 76b 
 
O(1)-C(1)-N(1)   125.5(2)  O(1)-C(1)-C(2)   130.1(2) 
N(1)-C(1)-C(2)   104.42(18)  C(3)-C(2)-C(7)   121.1(2) 
C(3)-C(2)-C(1)   129.8(2)  C(7)-C(2)-C(1)   109.1(2) 
C(4)-C(3)-C(2)   117.8(2)  C(4)-C(3)-H(3)   121.1 
C(2)-C(3)-H(3)   121.1   C(3)-C(4)-C(5)   121.1(2) 
C(3)-C(4)-H(4)   119.4   C(5)-C(4)-H(4)   119.4 
C(6)-C(5)-C(4)   120.9(2)  C(6)-C(5)-H(5)   119.5 
C(4)-C(5)-H(5)   119.5   C(7)-C(6)-C(5)   117.7(2) 
C(7)-C(6)-H(6)   121.2   C(5)-C(6)-H(6)   121.2 
C(6)-C(7)-C(2)   121.3(2)  C(6)-C(7)-C(8)   130.1(2) 
C(2)-C(7)-C(8)   108.55(19)  O(2)-C(8)-N(1)   124.9(2) 
O(2)-C(8)-C(7)   130.8(2)  N(1)-C(8)-C(7)   104.29(18) 
N(3)-C(9)-N(2)   120.9(2)  N(3)-C(9)-S(1)   115.87(18) 
N(2)-C(9)-S(1)   123.26(18)  C(11)-C(10)-N(3)  116.7(2) 
C(11)-C(10)-H(10)  121.6   N(3)-C(10)-H(10)  121.6 
C(10)-C(11)-C(12)  127.7(2)  C(10)-C(11)-S(1)  108.85(19) 
C(12)-C(11)-S(1)  123.41(19)  C(11)-C(12)-H(12A)  109.5 
C(11)-C(12)-H(12B)  109.5   H(12A)-C(12)-H(12B)  109.5 
C(11)-C(12)-H(12C)  109.5   H(12A)-C(12)-H(12C)  109.5 
H(12B)-C(12)-H(12C)  109.5   N(4)-C(13)-N(2)  123.1(2) 
N(4)-C(13)-S(2)  116.86(18)  N(2)-C(13)-S(2)  120.00(17) 
C(15)-C(14)-N(4)  118.0(2)  C(15)-C(14)-H(14)  121.0 
N(4)-C(14)-H(14)  121.0   C(14)-C(15)-C(16)  130.3(2) 
C(14)-C(15)-S(2)  108.44(19)  C(16)-C(15)-S(2)  121.26(19) 
C(15)-C(16)-H(16A)  109.5   C(15)-C(16)-H(16B)  109.5 
H(16A)-C(16)-H(16B)  109.5   C(15)-C(16)-H(16C)  109.5 
H(16A)-C(16)-H(16C)  109.5   H(16B)-C(16)-H(16C)  109.5 
N(2)-N(1)-C(1)   122.40(18)  N(2)-N(1)-C(8)   121.90(19) 
C(1)-N(1)-C(8)   113.31(19)  C(13)-N(2)-N(1)  117.36(18) 
C(13)-N(2)-C(9)  125.8(2)  N(1)-N(2)-C(9)   116.19(19) 
C(9)-N(3)-C(10)  109.9(2)  C(13)-N(4)-C(14)  108.3(2) 
C(9)-S(1)-C(11)  88.68(12)  C(13)-S(2)-C(15)  88.42(11) 
 
Torsion Angles [deg] for 76b 
 
O(1)-C(1)-C(2)-C(3)  2.6(4)   N(1)-C(1)-C(2)-C(3)  -175.9(2) 
O(1)-C(1)-C(2)-C(7)  -179.0(2)  N(1)-C(1)-C(2)-C(7)  2.5(2) 
C(7)-C(2)-C(3)-C(4)  0.6(3)   C(1)-C(2)-C(3)-C(4)  178.8(2) 
C(2)-C(3)-C(4)-C(5)  -0.6(3)   C(3)-C(4)-C(5)-C(6)  0.0(4) 
C(4)-C(5)-C(6)-C(7)  0.5(3)   C(5)-C(6)-C(7)-C(2)  -0.5(3) 
C(5)-C(6)-C(7)-C(8)  179.6(2)  C(3)-C(2)-C(7)-C(6)  -0.1(3) 
C(1)-C(2)-C(7)-C(6)  -178.6(2)  C(3)-C(2)-C(7)-C(8)  179.9(2) 
C(1)-C(2)-C(7)-C(8)  1.3(3)   (6)-C(7)-C(8)-O(2)  -3.4(4) 
C(2)-C(7)-C(8)-O(2)  176.6(2)  C(6)-C(7)-C(8)-N(1)  175.3(2) 
C(2)-C(7)-C(8)-N(1)  -4.6(3)   N(3)-C(10)-C(11)-C(12) -179.8(2) 
N(3)-C(10)-C(11)-S(1)  0.2(3)   N(4)-C(14)-C(15)-C(16) -177.4(2) 
N(4)-C(14)-C(15)-S(2)  1.0(3)   O(1)-C(1)-N(1)-N(2)  13.0(3) 
C(2)-C(1)-N(1)-N(2)  -168.42(19)  O(1)-C(1)-N(1)-C(8)  175.7(2) 
C(2)-C(1)-N(1)-C(8)  -5.7(2)   O(2)-C(8)-N(1)-N(2)  -11.8(3) 
C(7)-C(8)-N(1)-N(2)  169.29(19)  O(2)-C(8)-N(1)-C(1)  -174.6(2) 
  
 A-127
C(7)-C(8)-N(1)-C(1)  6.5(2)   N(4)-C(13)-N(2)-N(1)  -173.9(2) 
S(2)-C(13)-N(2)-N(1)  7.2(3)   N(4)-C(13)-N(2)-C(9)  -3.7(3) 
S(2)-C(13)-N(2)-C(9)  177.40(17)  C(1)-N(1)-N(2)-C(13)  -105.1(2) 
C(8)-N(1)-N(2)-C(13)  93.7(3)   C(1)-N(1)-N(2)-C(9)  83.8(3) 
C(8)-N(1)-N(2)-C(9)  -77.5(3)  N(3)-C(9)-N(2)-C(13)  -174.0(2) 
S(1)-C(9)-N(2)-C(13)  7.3(3)   N(3)-C(9)-N(2)-N(1)  -3.7(3) 
S(1)-C(9)-N(2)-N(1)  177.62(16)  N(2)-C(9)-N(3)-C(10)  -178.5(2) 
S(1)-C(9)-N(3)-C(10)  0.3(3)   C(11)-C(10)-N(3)-C(9)  -0.3(3) 
N(2)-C(13)-N(4)-C(14)  179.9(2)  S(2)-C(13)-N(4)-C(14)  -1.1(3) 
C(15)-C(14)-N(4)-C(13) 0.0(3)   N(3)-C(9)-S(1)-C(11)  -0.21(19) 
N(2)-C(9)-S(1)-C(11)  178.55(19)  C(10)-C(11)-S(1)-C(9)  0.01(19) 
C(12)-C(11)-S(1)-C(9)  180.0(2)  N(4)-C(13)-S(2)-C(15)  1.4(2) 
N(2)-C(13)-S(2)-C(15)  -179.56(19)  C(14)-C(15)-S(2)-C(13) -1.26(18) 
C(16)-C(15)-S(2)-C(13) 177.31(19) 
 





Bond Lengths [A] for 107b 
 
C(1)-C(2)   1.508(3)  C(1)-H(1A)   0.9600 
C(1)-H(1B)   0.9600   C(1)-H(1C)   0.9600 
C(2)-C(7)   1.386(3)  C(2)-C(3)   1.390(3) 
C(3)-C(4)   1.387(3)  C(3)-H(3)   0.9300 
C(4)-C(5)   1.384(3)  C(4)-H(4)   0.9300 
C(5)-C(6)   1.383(3)  C(5)-N(2)   1.436(2) 
C(6)-C(7)   1.387(3)  C(6)-H(6)   0.9300 
C(7)-H(7)   0.9300   C(8)-N(2)   1.483(3) 
C(8)-C(10)   1.517(3)  C(8)-C(9)   1.522(3) 
C(8)-H(8)   0.9800   C(9)-H(9A)   0.9600 
C(9)-H(9B)   0.9600   C(9)-H(9C)   0.9600 
C(10)-H(10A)   0.9600   C(10)-H(10B)    0.9600 
C(10)-H(10C)   0.9600   C(11)-N(1)   1.304(2) 
C(11)-N(2)   1.375(2)  C(11)-S(1)   1.752(2) 
  
 A-128
C(12)-C(13)   1.340(3)  C(12)-N(1)   1.384(3) 
C(12)-H(12)   0.9300   C(13)-C(14)   1.495(3) 
C(13)-S(1)   1.745(2)  C(14)-C(15)   1.536(3) 
C(14)-H(14A)   0.9700   C(14)-H(14B)   0.9700 
C(15)-N(3)   1.461(2)  C(15)-C(16)   1.520(3) 
C(15)-H(15)   0.9800   C(16)-C(17)   1.384(3) 
C(16)-C(21)   1.385(3)  C(17)-C(18)   1.390(3) 
C(17)-H(17)   0.9300   C(18)-C(19)   1.374(3) 
C(18)-H(18)   0.9300   C(19)-C(20)   1.378(3) 
C(19)-H(19)   0.9300   C(20)-C(21)   1.380(3) 
C(20)-H(20)   0.9300   C(21)-H(21)   0.9300 
C(22)-C(27)   1.378(3)  C(22)-C(23)   1.385(3) 
C(22)-S(2)   1.771(2)  C(23)-C(24)   1.380(3) 
C(23)-H(23)   0.9300   C(24)-C(25)   1.375(3) 
C(24)-H(24)   0.9300   C(25)-C(26)   1.376(3) 
C(25)-H(25)   0.9300   C(26)-C(27)   1.390(3) 
C(26)-H(26)   0.9300   C(27)-H(27)   0.9300 
N(3)-S(2)   1.6064(17)  N(3)-H(3N)   0.838(9) 
O(1)-S(2)   1.4307(16)  O(2)-S(2)   1.4237(16) 
 
Bond Angles [deg] for 107b  
 
C(2)-C(1)-H(1A)  109.5   C(2)-C(1)-H(1B)  109.5 
H(1A)-C(1)-H(1B)  109.5   C(2)-C(1)-H(1C)  109.5 
H(1A)-C(1)-H(1C)  109.5   H(1B)-C(1)-H(1C)  109.5 
C(7)-C(2)-C(3)   117.85(18)  C(7)-C(2)-C(1)   121.14(19) 
C(3)-C(2)-C(1)   121.01(19)  C(4)-C(3)-C(2)   121.33(19) 
C(4)-C(3)-H(3)   119.3   C(2)-C(3)-H(3)   119.3 
C(5)-C(4)-C(3)   120.00(18)  C(5)-C(4)-H(4)   120.0 
C(3)-C(4)-H(4)   120.0   C(6)-C(5)-C(4)   119.33(18) 
C(6)-C(5)-N(2)   121.26(18)  C(4)-C(5)-N(2)   119.40(17) 
C(5)-C(6)-C(7)   120.20(19)  C(5)-C(6)-H(6)   119.9 
C(7)-C(6)-H(6)   119.9   C(2)-C(7)-C(6)   121.28(19) 
C(2)-C(7)-H(7)   119.4   C(6)-C(7)-H(7)   119.4 
N(2)-C(8)-C(10)  111.46(18)  N(2)-C(8)-C(9)   110.62(16) 
C(10)-C(8)-C(9)  111.75(18)  N(2)-C(8)-H(8)   107.6 
C(10)-C(8)-H(8)  107.6   C(9)-C(8)-H(8)   107.6 
C(8)-C(9)-H(9A)  109.5   C(8)-C(9)-H(9B)  109.5 
H(9A)-C(9)-H(9B)  109.5   C(8)-C(9)-H(9C)  109.5 
H(9A)-C(9)-H(9C)  109.5   H(9B)-C(9)-H(9C)  109.5 
C(8)-C(10)-H(10A)  109.5   C(8)-C(10)-H(10B)  109.5 
H(10A)-C(10)-H(10B)  109.5   C(8)-C(10)-H(10C)  109.5 
H(10A)-C(10)-H(10C)  109.5   H(10B)-C(10)-H(10C)  109.5 
N(1)-C(11)-N(2)  124.51(18)  N(1)-C(11)-S(1)  114.70(14) 
N(2)-C(11)-S(1)  120.74(14)  C(13)-C(12)-N(1)  117.98(18) 
C(13)-C(12)-H(12)  121.0   N(1)-C(12)-H(12)  121.0 
C(12)-C(13)-C(14)  128.25(18)  C(12)-C(13)-S(1)  108.69(15) 
C(14)-C(13)-S(1)  123.06(16)  C(13)-C(14)-C(15)  114.68(16) 
C(13)-C(14)-H(14A)  108.6   C(15)-C(14)-H(14A)  108.6 
C(13)-C(14)-H(14B)  108.6   C(15)-C(14)-H(14B)  108.6 
H(14A)-C(14)-H(14B)  107.6   N(3)-C(15)-C(16)  111.78(16) 
N(3)-C(15)-C(14)  109.75(16)  C(16)-C(15)-C(14)  111.03(15) 
N(3)-C(15)-H(15)  108.1   C(16)-C(15)-H(15)  108.1 
C(14)-C(15)-H(15)  108.1   C(17)-C(16)-C(21)  118.38(19) 
C(17)-C(16)-C(15)  118.85(18)  C(21)-C(16)-C(15)  122.77(18) 
  
 A-129
C(16)-C(17)-C(18)  120.5(2)  C(16)-C(17)-H(17)  119.7 
C(18)-C(17)-H(17)  119.7   C(19)-C(18)-C(17)  120.3(2) 
C(19)-C(18)-H(18)  119.8   C(17)-C(18)-H(18)  119.8 
C(18)-C(19)-C(20)  119.6(2)  C(18)-C(19)-H(19)  120.2 
C(20)-C(19)-H(19)  120.2   C(19)-C(20)-C(21)  120.1(2) 
C(19)-C(20)-H(20)  119.9   C(21)-C(20)-H(20)  119.9 
C(20)-C(21)-C(16)  121.1(2)  C(20)-C(21)-H(21)  119.5 
C(16)-C(21)-H(21)  119.5   C(27)-C(22)-C(23)  121.39(19) 
C(27)-C(22)-S(2)  119.05(16)  C(23)-C(22)-S(2)  119.55(16) 
C(24)-C(23)-C(22)  119.1(2)  C(24)-C(23)-H(23)  120.5 
C(22)-C(23)-H(23)  120.5   C(25)-C(24)-C(23)  120.0(2) 
C(25)-C(24)-H(24)  120.0   C(23)-C(24)-H(24)  120.0 
C(24)-C(25)-C(26)  120.8(2)  C(24)-C(25)-H(25)  119.6 
C(26)-C(25)-H(25)  119.6   C(25)-C(26)-C(27)  119.9(2) 
C(25)-C(26)-H(26)  120.0   C(27)-C(26)-H(26)  120.0 
C(22)-C(27)-C(26)  118.8(2)  C(22)-C(27)-H(27)  120.6 
C(26)-C(27)-H(27)  120.6   C(11)-N(1)-C(12)  109.60(17) 
C(11)-N(2)-C(5)  118.89(16)  C(11)-N(2)-C(8)  117.23(16) 
C(5)-N(2)-C(8)   119.53(15)  C(15)-N(3)-S(2)  120.69(14) 
C(15)-N(3)-H(3N)  123.1(15)  S(2)-N(3)-H(3N)  112.9(15) 
C(13)-S(1)-C(11)  88.98(10)  O(2)-S(2)-O(1)   120.21(10) 
O(2)-S(2)-N(3)   107.29(9)  O(1)-S(2)-N(3)   106.98(9) 
O(2)-S(2)-C(22)  106.76(10)  O(1)-S(2)-C(22)  107.20(9) 
N(3)-S(2)-C(22)  107.90(9) 
 
Torsion Angles [deg] for 107b 
 
C(7)-C(2)-C(3)-C(4)  -0.9(3)   C(1)-C(2)-C(3)-C(4)  178.58(18) 
C(2)-C(3)-C(4)-C(5)  0.0(3)   C(3)-C(4)-C(5)-C(6)  0.5(3) 
C(3)-C(4)-C(5)-N(2)  -178.42(17)  C(4)-C(5)-C(6)-C(7)  -0.1(3) 
N(2)-C(5)-C(6)-C(7)  178.74(17)  C(3)-C(2)-C(7)-C(6)  1.2(3) 
C(1)-C(2)-C(7)-C(6)  -178.24(18)  C(5)-C(6)-C(7)-C(2)  -0.7(3) 
N(1)-C(12)-C(13)-C(14) -179.12(19)  N(1)-C(12)-C(13)-S(1)  0.1(2) 
C(12)-C(13)-C(14)-C(15) 108.9(2)  S(1)-C(13)-C(14)-C(15) -70.2(2) 
C(13)-C(14)-C(15)-N(3) -58.9(2)  C(13)-C(14)-C(15)-C(16) 177.01(17) 
N(3)-C(15)-C(16)-C(17) 156.51(17)  C(14)-C(15)-C(16)-C(17) -80.6(2) 
N(3)-C(15)-C(16)-C(21) -23.8(2)  C(14)-C(15)-C(16)-C(21) 99.1(2) 
C(21)-C(16)-C(17)-C(18) 0.1(3)   C(15)-C(16)-C(17)-C(18) 179.84(19) 
C(16)-C(17)-C(18)-C(19) 0.1(3)   C(17)-C(18)-C(19)-C(20) -0.7(3) 
C(18)-C(19)-C(20)-C(21) 1.1(3)   (19)-C(20)-C(21)-C(16) -0.9(3) 
C(17)-C(16)-C(21)-C(20) 0.3(3)   C(15)-C(16)-C(21)-C(20) -179.44(18) 
C(27)-C(22)-C(23)-C(24) 0.2(3)   S(2)-C(22)-C(23)-C(24) -178.57(16) 
C(22)-C(23)-C(24)-C(25) 0.1(3)   C(23)-C(24)-C(25)-C(26) -0.5(3) 
C(24)-C(25)-C(26)-C(27) 0.5(3)   C(23)-C(22)-C(27)-C(26) -0.2(3) 
S(2)-C(22)-C(27)-C(26) 178.62(16)  C(25)-C(26)-C(27)-C(22) -0.2(3) 
N(2)-C(11)-N(1)-C(12)  -174.73(18)  S(1)-C(11)-N(1)-C(12)  2.5(2) 
C(13)-C(12)-N(1)-C(11) -1.7(3)   N(1)-C(11)-N(2)-C(5)  -172.22(18) 
S(1)-C(11)-N(2)-C(5)  10.8(2)   N(1)-C(11)-N(2)-C(8)  -15.7(3) 
S(1)-C(11)-N(2)-C(8)  167.25(14)  C(6)-C(5)-N(2)-C(11)  66.3(3) 
C(4)-C(5)-N(2)-C(11)  -114.8(2)  C(6)-C(5)-N(2)-C(8)  -89.6(2) 
C(4)-C(5)-N(2)-C(8)  89.2(2)   C(10)-C(8)-N(2)-C(11)  154.01(17) 
C(9)-C(8)-N(2)-C(11)  -81.0(2)  C(10)-C(8)-N(2)-C(5)  -49.7(2) 
C(9)-C(8)-N(2)-C(5)  75.3(2)   C(16)-C(15)-N(3)-S(2)  -81.92(19) 
C(14)-C(15)-N(3)-S(2)  154.44(14)  C(12)-C(13)-S(1)-C(11) 1.03(16) 
C(14)-C(13)-S(1)-C(11) -179.69(17)  N(1)-C(11)-S(1)-C(13)  -2.09(16) 
  
 A-130
N(2)-C(11)-S(1)-C(13)  175.20(16)  C(15)-N(3)-S(2)-O(2)  152.85(15) 
C(15)-N(3)-S(2)-O(1)  22.61(18)  C(15)-N(3)-S(2)-C(22)  -92.45(16) 
C(27)-C(22)-S(2)-O(2)  -151.79(16)  C(23)-C(22)-S(2)-O(2)  27.01(19) 
C(27)-C(22)-S(2)-O(1)  -21.76(19)  C(23)-C(22)-S(2)-O(1)  157.04(16) 
C(27)-C(22)-S(2)-N(3)  93.15(17)  C(23)-C(22)-S(2)-N(3)  -88.05(18) 
 





Bond Lengths [A] for pikrate of 122c 
 
C(6)-C(3)   1.520(3)  C(6)-H(6A)   0.9600 
C(6)-H(6B)   0.9600   C(6)-H(6C)   0.9600 
C(1)-N(1)   1.317(3)  C(1)-N(2)   1.320(2) 
C(1)-S(1)   1.7541(18)  C(2)-O(1)   1.415(2) 
C(2)-N(1)   1.439(2)  C(2)-C(3)   1.535(2) 
C(2)-H(2)   0.9800   C(3)-C(4)   1.533(2) 
C(3)-S(1)   1.8529(17)  C(4)-O(2)   1.417(2) 
C(4)-H(4A)   0.9700   C(4)-H(4B)   0.9700 
C(5)-O(2)   1.406(2)  C(5)-O(1)   1.408(2) 
C(5)-H(5A)   0.9700   C(5)-H(5B)   0.9700 
C(7)-N(2)   1.502(2)  C(7)-C(9)   1.512(3) 
C(7)-C(8)   1.518(3)  C(7)-H(7)   0.9800 
C(8)-H(8A)   0.9600   C(8)-H(8B)   0.9600 
C(8)-H(8C)   0.9600   C(9)-H(9A)   0.9600 
C(9)-H(9B)   0.9600   C(9)-H(9C)   0.9600 
C(10)-C(11)   1.381(3)  C(10)-C(15)   1.390(3) 
C(10)-N(2)   1.450(2)  C(11)-C(12)   1.389(3) 
C(11)-H(11)   0.9300   C(12)-C(13)   1.394(3) 
C(12)-H(12)   0.9300   C(13)-C(14)   1.380(3) 
C(13)-C(16)   1.508(3)  C(14)-C(15)   1.388(3) 
C(14)-H(14)   0.9300   C(15)-H(15)   0.9300 
C(16)-H(16A)   0.9600   C(16)-H(16B)   0.9600 
C(16)-H(16C)   0.9600   N(1)-H(1N)   0.83(3) 
C(17)-O(3)   1.243(2)  C(17)-C(22)   1.459(3) 
C(17)-C(18)   1.460(2)  C(18)-C(19)   1.367(3) 
C(18)-N(3)   1.464(3)  C(19)-C(20)   1.384(3) 
C(19)-H(19)   0.9300   C(20)-C(21)   1.380(3) 
  
 A-131
C(20)-N(4)   1.450(2)  C(21)-C(22)   1.373(3) 
C(21)-H(21)   0.9300   C(22)-N(5)   1.457(2) 
N(3)-O(4)   1.219(2)  N(3)-O(5)   1.232(2) 
N(4)-O(7)   1.230(2)  N(4)-O(6)   1.235(2) 
N(5)-O(9)   1.212(2)  N(5)-O(8)   1.213(2) 
 
Bond Angles [deg] for pikrate of 122c 
 
C(3)-C(6)-H(6A)  109.5   C(3)-C(6)-H(6B)  109.5 
H(6A)-C(6)-H(6B)  109.5   C(3)-C(6)-H(6C)  109.5 
H(6A)-C(6)-H(6C)  109.5   H(6B)-C(6)-H(6C)  109.5 
N(1)-C(1)-N(2)   126.07(17)  N(1)-C(1)-S(1)   112.96(13) 
N(2)-C(1)-S(1)   120.94(14)  O(1)-C(2)-N(1)   105.74(14) 
O(1)-C(2)-C(3)   112.26(15)  N(1)-C(2)-C(3)   106.78(14) 
O(1)-C(2)-H(2)   110.6   N(1)-C(2)-H(2)   110.6 
C(3)-C(2)-H(2)   110.6   C(6)-C(3)-C(4)   109.57(15) 
C(6)-C(3)-C(2)   112.22(15)  C(4)-C(3)-C(2)   111.18(14) 
C(6)-C(3)-S(1)   109.51(12)  C(4)-C(3)-S(1)   111.91(12) 
C(2)-C(3)-S(1)   102.30(11)  O(2)-C(4)-C(3)   113.21(14) 
O(2)-C(4)-H(4A)  108.9   C(3)-C(4)-H(4A)  108.9 
O(2)-C(4)-H(4B)  108.9   C(3)-C(4)-H(4B)  108.9 
H(4A)-C(4)-H(4B)  107.7   O(2)-C(5)-O(1)   110.87(15) 
O(2)-C(5)-H(5A)  109.5   O(1)-C(5)-H(5A)  109.5 
O(2)-C(5)-H(5B)  109.5   O(1)-C(5)-H(5B)  109.5 
H(5A)-C(5)-H(5B)  108.1   N(2)-C(7)-C(9)   110.62(18) 
N(2)-C(7)-C(8)   110.18(17)  C(9)-C(7)-C(8)   112.67(18) 
N(2)-C(7)-H(7)   107.7   C(9)-C(7)-H(7)   107.7 
C(8)-C(7)-H(7)   107.7   C(7)-C(8)-H(8A)  109.5 
C(7)-C(8)-H(8B)  109.5   H(8A)-C(8)-H(8B)  109.5 
C(7)-C(8)-H(8C)  109.5   H(8A)-C(8)-H(8C)  109.5 
H(8B)-C(8)-H(8C)  109.5   C(7)-C(9)-H(9A)  109.5 
C(7)-C(9)-H(9B)  109.5   H(9A)-C(9)-H(9B)  109.5 
C(7)-C(9)-H(9C)  109.5   H(9A)-C(9)-H(9C)  109.5 
H(9B)-C(9)-H(9C)  109.5   C(11)-C(10)-C(15)  120.33(18) 
C(11)-C(10)-N(2)  121.20(17)  (15)-C(10)-N(2)  118.42(17) 
C(10)-C(11)-C(12)  119.82(18)  C(10)-C(11)-H(11)  120.1 
C(12)-C(11)-H(11)  120.1   C(11)-C(12)-C(13)  120.80(18) 
C(11)-C(12)-H(12)  119.6   C(13)-C(12)-H(12)  119.6 
C(14)-C(13)-C(12)  118.21(18)  C(14)-C(13)-C(16)  120.64(18) 
C(12)-C(13)-C(16)  121.13(18)  C(13)-C(14)-C(15)  121.92(18) 
C(13)-C(14)-H(14)  119.0   C(15)-C(14)-H(14)  119.0 
C(14)-C(15)-C(10)  118.91(18)  C(14)-C(15)-H(15)  120.5 
C(10)-C(15)-H(15)  120.5   C(13)-C(16)-H(16A)  109.5 
C(13)-C(16)-H(16B)  109.5   H(16A)-C(16)-H(16B)  109.5 
C(13)-C(16)-H(16C)  109.5   H(16A)-C(16)-H(16C)  109.5 
H(16B)-C(16)-H(16C)  109.5   C(1)-N(1)-C(2)   114.97(15) 
C(1)-N(1)-H(1N)  126.0(18)  C(2)-N(1)-H(1N)  117.8(18) 
C(1)-N(2)-C(10)  118.01(15)  C(1)-N(2)-C(7)   121.58(16) 
C(10)-N(2)-C(7)  120.01(14)  C(5)-O(1)-C(2)   112.02(14) 
C(5)-O(2)-C(4)   109.55(14)  C(1)-S(1)-C(3)   90.63(8) 
O(3)-C(17)-C(22)  125.71(16)  O(3)-C(17)-C(18)  123.02(18) 
C(22)-C(17)-C(18)  111.16(16)  C(19)-C(18)-C(17)  124.32(18) 
C(19)-C(18)-N(3)  116.63(16)  C(17)-C(18)-N(3)  119.04(16) 
C(18)-C(19)-C(20)  119.54(16)  C(18)-C(19)-H(19)  120.2 
C(20)-C(19)-H(19)  120.2   C(21)-C(20)-C(19)  121.14(17) 
  
 A-132
C(21)-C(20)-N(4)  119.16(18)  C(19)-C(20)-N(4)  119.69(16) 
C(22)-C(21)-C(20)  119.32(18)  C(22)-C(21)-H(21)  120.3 
C(20)-C(21)-H(21)  120.3   C(21)-C(22)-N(5)  115.26(17) 
C(21)-C(22)-C(17)  124.40(16)  N(5)-C(22)-C(17)  120.32(16) 
O(4)-N(3)-O(5)   123.40(18)  O(4)-N(3)-C(18)  119.03(16) 
O(5)-N(3)-C(18)  117.55(16)  O(7)-N(4)-O(6)   123.45(17) 
O(7)-N(4)-C(20)  118.84(16)  O(6)-N(4)-C(20)  117.71(17) 
O(9)-N(5)-O(8)   121.64(17)  O(9)-N(5)-C(22)   119.89(17) 
O(8)-N(5)-C(22)  118.38(16) 
 
Torsion Angles [deg] for pikrate of 122c 
 
O(1)-C(2)-C(3)-C(6)  162.77(14)  N(1)-C(2)-C(3)-C(6)  -81.79(18) 
O(1)-C(2)-C(3)-C(4)  39.7(2)   N(1)-C(2)-C(3)-C(4)  155.10(15) 
O(1)-C(2)-C(3)-S(1)  -79.95(14)  N(1)-C(2)-C(3)-S(1)  35.49(16) 
C(6)-C(3)-C(4)-O(2  -166.55(15)  C(2)-C(3)-C(4)-O(2)  -41.9(2) 
S(1)-C(3)-C(4)-O(2)  71.78(17)  C(15)-C(10)-C(11)-C(12) -1.3(3) 
N(2)-C(10)-C(11)-C(12) 176.15(16)  C(10)-C(11)-C(12)-C(13) 0.2(3) 
C(11)-C(12)-C(13)-C(14) 1.1(3)   C(11)-C(12)-C(13)-C(16) -177.37(18) 
C(12)-C(13)-C(14)-C(15) -1.4(3)   C(16)-C(13)-C(14)-C(15) 177.13(19) 
C(13)-C(14)-C(15)-C(10) 0.3(3)   C(11)-C(10)-C(15)-C(14) 1.0(3) 
N(2)-C(10)-C(15)-C(14) -176.46(17)  N(2)-C(1)-N(1)-C(2)  -165.66(18) 
S(1)-C(1)-N(1)-C(2)  12.4(2)   O(1)-C(2)-N(1)-C(1)  86.98(18) 
C(3)-C(2)-N(1)-C(1)  -32.8(2)  N(1)-C(1)-N(2)-C(10)  -164.51(18) 
S(1)-C(1)-N(2)-C(10)  17.6(2)   N(1)-C(1)-N(2)-C(7)  8.3(3) 
S(1)-C(1)-N(2)-C(7)  -169.62(15)  C(11)-C(10)-N(2)-C(1)  -97.5(2) 
C(15)-C(10)-N(2)-C(1)  79.9(2)   C(11)-C(10)-N(2)-C(7)  89.5(2) 
C(15)-C(10)-N(2)-C(7)  -93.0(2)  C(9)-C(7)-N(2)-C(1)  -104.1(2) 
C(8)-C(7)-N(2)-C(1)  130.69(19)  C(9)-C(7)-N(2)-C(10)  68.6(2) 
C(8)-C(7)-N(2)-C(10)  -56.7(2)  O(2)-C(5)-O(1)-C(2)  65.6(2) 
N(1)-C(2)-O(1)-C(5)  -167.52(14)  C(3)-C(2)-O(1)-C(5)  -51.46(19) 
O(1)-C(5)-O(2)-C(4)  -66.16(19)  C(3)-C(4)-O(2)-C(5)  54.57(19) 
N(1)-C(1)-S(1)-C(3)  9.29(15)  N(2)-C(1)-S(1)-C(3)  -172.55(16) 
C(6)-C(3)-S(1)-C(1)  93.84(13)  C(4)-C(3)-S(1)-C(1)  -144.46(13) 
C(2)-C(3)-S(1)-C(1)  -25.36(12)  O(3)-C(17)-C(18)-C(19) -172.46(17) 
C(22)-C(17)-C(18)-C(19) 4.0(2)   O(3)-C(17)-C(18)-N(3)  6.3(3) 
C(22)-C(17)-C(18)-N(3) -177.20(15)  C(17)-C(18)-C(19)-C(20) -2.6(3) 
N(3)-C(18)-C(19)-C(20) 178.60(15)  C(18)-C(19)-C(20)-C(21) 0.1(3) 
C(18)-C(19)-C(20)-N(4) -178.59(15)  C(19)-C(20)-C(21)-C(22) 0.5(3) 
N(4)-C(20)-C(21)-C(22) 179.18(15)  C(20)-C(21)-C(22)-N(5) 179.87(15) 
C(20)-C(21)-C(22)-C(17) 1.4(3)   (3)-C(17)-C(22)-C(21)  172.96(17) 
C(18)-C(17)-C(22)-C(21) -3.4(2)   O(3)-C(17)-C(22)-N(5)  -5.4(3) 
C(18)-C(17)-C(22)-N(5) 178.18(15)  C(19)-C(18)-N(3)-O(4)  -150.51(19) 
C(17)-C(18)-N(3)-O(4)  30.6(3)   C(19)-C(18)-N(3)-O(5)  27.7(2) 
C(17)-C(18)-N(3)-O(5)  -151.16(17)  C(21)-C(20)-N(4)-O(7)  -0.2(2) 
C(19)-C(20)-N(4)-O(7)  178.45(16)  C(21)-C(20)-N(4)-O(6)  -179.82(16) 
C(19)-C(20)-N(4)-O(6)  -1.1(2)   C(21)-C(22)-N(5)-O(9)  169.44(19) 
C(17)-C(22)-N(5)-O(9)  -12.0(3)  C(21)-C(22)-N(5)-O(8)  -7.1(2) 








Analysis of Potential Hydrogen Bonds and Schemes with 
d(D...A) < R(D)+R(A)+0.50, d(H...A) < R(H)+R(A)-0.12 Ang., D-H...A > 100.0 Deg 
--------------------------------------------------------------------------------------------------------------- 
Nr    1    2 
Typ Res   1    1 
Donor--H··Acceptor  N(1)--H(1N)··O(3)  N(1)--H(1N)··O(9) 
[ARU]    [1455.02]   [1455.02] 
D – H    0.83(2)   0.83(2) 
H...A    1.88(2)   2.51(3) 
D...A    2.705(2)   2.883(3) 
D - H...A   172(3)    108(2)' 
A..H..A*       73.9(8)' 
A'..H..A" 
Sum(XY,YZ)       354(4) 
Sum(XZ) 
--------------------------------------------------------------------------------------------------------------- 
Note: ARU codes in [] are with reference to the Coordinates printed above (Possibly 
transformed, when MOVE .NE. 1.555) 
 
 
Translation of ARU-Code to CIF and Equivalent Position Code: 
 
[  1455.] = [  1_455] = –1+x,y,z 
[  2677.] = [  2_677] = 1–x,2-y,2–z 
[  2667.] = [  2_667] = 1–x,1-y,2–z 
 
For C--H...Acceptor Interactions, see: Th. Steiner, Cryst. Rev. 1996, 6, 1–57. 
H-Bond classification, see: G.A. Jeffrey, H. Maluszynska & J. Mitra., Int. J. Biol. Macromol. 
1985, 7, 336–348. 
--------------------------------------------------------------------------------------------------------------- 
2-Centre (linear)         D-H...X most prob. angle 160 deg 
3-Centre (bifurcated)  SUM of 3 angl. about H = 360 deg 
4-Centre (trifurcated) 
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